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ABSTRACT 

Included in this study are two principal tasks: (1) 
the preparation of a computerized roster containing relevant program 
information -.on essentially all former^ trainees and fellows supported 
by the NatioAal Institutes of Health back to the inception of the 
training programs in 1938, and (2) the analysis of these data and 
related data to determine the outcomes of the traijning programs 
observable in the career patterns of l^ioscientists. After a l)rief 
summary, the various mechanisms of support and that portion of the 
individual's career dealing with ti;aining and education are 
discussed. A section dealing with career outcomes and achievements 
provides the primary follow-up data and analysis of career patterns. 
Included in the analysis are Ph*p^ attainment rates, place of 
employment of former trainees, wc^rk activities;, earning profiles, and 
estimates of contributions made to research. A final section 
describes the study of economic and demographic aggregates that 
resulted in the empiri cal mode l of the major factojr^a^ffejc^-injci 



enrollments and degrees in graduate education. Included in the 
appendices are the methodological details of this modeling procedure 
along with th^ data used in the analysis* (MH) 
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Septeniber 11, 1975 



Dr. Donald S,^ Pre drickson 
Director ' 
National Institutes of Health 
9000 Rockville Pike 
Bethesda, Maryland 20014 

Dear Dr. Fredrickson: ' . 

^ . I am pleased to present to the National Institutes of Health 
the report of the Comndttee on a Study of the Impact of NIH Training 
Programs on the Caireer Patterns of Bioscientists. The study was re- 
quested xn a le^^r of May 10, 1971 tc^ me from Dr. Thomas J. Kennedy, - 
su;no^?fr''T ^To^T^ Planning and Evaluation, and was 

Two principal tasks were undertaken in this study: the assem- 
bling of relevant career data about individual NIH trainees and fel- 
lows from the inception .of the training activities in 1938 to the 
present and the analysis of these data to determine outcomes of ' ' 
training. In regard to the first ^the NIH request urged that eocis- 
^^ol^ i sources be used rather than special questionnaire surveys. 
A great /deal of effort was devoted to this task by. the Committee ys 
and Its staff. Thanks to their work, a computerized Roster o^ NIH / 
Trainees and Fellows, containing some 94,000 individual records, was 
created to be used during the study and later for administrative pur- 
poses, by the NIH. The analysis included collation of this roster 
with such other sources as the Doctorate Records File, the National 
Registers of scientific and Technical Personnel, and the Science 
aiouni°"/ ^" ."^^^f^^^ possible, compa^risons were made with other 
groups of predoctoral or postdoctoral trainees or fellows not sup- 
ported by NIH, but in a retrospective study of this kind it .was not 
possible to develop completely comparable control groups. Neverthe- 
less, the Cormiittee has examined. a number of important outcomes of' 

Se\^^^h"^Se\^\l'Sr^o:L?"^"'''- ^ ' -"^^"^ 
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Dr. Donald S, Fredrickson 
September 11, 1975 
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We hope that the data and analyses presented here will be 
helpful to the National Institutes of Health in its evaluation of 
the training programs. , 



Sincerely yours. 



Philip Handler 
President 
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PREFACE 



The launching of the study reported here, concerning the research 
training programs of the National Institutes of Health, occurred just 
one month prior to the announcement of phasing out of training-grant ^ 
support. However, there was a sense among members of the study conmiittee 
that it was imperative to continue this study andy to use this opportunity 
to ascertain not only what had happened as a result of the training grants 
but to make an assessment of the training programs that might provide 
useful guidance for future policy. Recent legislation has restored 
training programs. The findings of this report may suggest ways for 
more effective utilization of such programs. 

There was a constant concern among the members of the Committee 
just exactly what our "task" was to be. We took seriously the charge to 
determine "the effect of NIH traineeship and fellowship programs on the 
careers of bioscientists ." We tried to make maximum use of the imperfect 
measures available to determine the role of training grants and fellow-^ 
ships in preparing and encouraging M.D.'s, graduate students, and post- 
Ph.D.'s to enter into and continue with biomedical research. But, at the 
same time, several other broad policy issues had to be answered as 
foundation of ourxunderstanding of why the federal government should in 
any way be involved in the training-grant program. 

There seems to be a general acceptance, both by the bioscience 
community and by the citizenry of these United^States, that support for 
biomedical research is a necessary and appropriate federal function. 
Such support certainly falls within the Constitutional powers delegated 
to the federal government » It is one of the most important ways in which 
we can develop the human, scientific and technological ^resources to 
improve the health of our citizens. , ^ 

Once it is recognized that biomedical research is necessary and 
appropriate, then it is clear that provision must be made to insure the 
avai^lability of a sufficient number of well- trained researchers. This 
iavolves formal and informal graduate and postdoctoral training and • 
education to provide a high quality of research manpower to engage in 
these efforts. It is not universally accepted, however, that the federal 
government has a role to play in such training. 



* . .. . ^ • ' , 

/ * **. ' ■ 

The education and training required by a person who seeks to carry 
out clinical investigations and basic scientific research on the frontiers 
of medical, knowledge is formidable- The researcher must complete not only 
an undergraduate degree in one of the basic sciences, but also a graduate 
N . program leading to the M.D. or Ph.D. as well. Many of our professors on 
medical school .faculties have earned both degrees. Beyond the M.D. and 
Ph.D., the young- medical scientist must master the ever-increasing com-' 
plexity of the equipment and instrumentation of the modern laboratoiry and 
kieep up with the rapidly advancing frontiers gf knowledge. Further post- 
doctoral training, under the supervision of teams of "senior scientists 
or physicians in the specialized areas of interest, is desirable and 
of t^n mandatory. These years of graduate and postdoctoral education are 
spent at considerable personal cost in loss of income, yet great benefit 
accrues to society in the resultant research and teaching. 

Biomedical research must be responsive to the health. needs of the 
society. It must constantly be aware of the "state of the art" of deliver 
ing health care. The ultimate goal of biomedical research is to alleviate 
disease and improve the health of the people. Without research ih the 
basic sciences, there will be little improvement in the state of the art. 
We are nowhere near understanding the fundamental basis of cancer, stroke, 
and heart disease, not to mention many other widespread killers and 
cripplers of our society. Effective treatment or. prevention of these 
health problems is hampered by this lack of fundamental knc^wledge. 

If we accept these assumptions, many issues follow. The^jreport we 
•present seeks to address the immediate questiohof the impact of training 
programs on career patterns, but at the same time tries to provide some 
insight into the impact of these programs on departments, institutions, 
and national efforts in the education of biomedical scientists. 

The Committee received help from many persons and organizations. 
. Solomon Schneyer, Director, Division of Program Analysis in the Office 
of the Director, NIH, provided data and interpretation of NIH administra- 
tive policies in the training programs. Many members of the staff of the 
Coiranission on Human Resources of the National Research Council were 
helpful. Our special thanks go to Allen M. Singer ^who served ^as t:he\ 
principal staff officer for the study. His contributions were indisl^ 
penSable. Ingrid M. Wharton performed the difficult task of developing 
and integrating the data bank. In addition, George Boyce, Mary Camp^- 
nucci. Porter Coggeshall, Joseph Finan, Corazon Francisco, Lindsey 
Harmon, and Norma Melendez provided excellerit support in the development 
and analysis pf data. To them, to such organizations as the Association 
of American Medical Colleges, and to the representatives of. many univer- 
sities and medical schools who provided needed data go our sincere thanks. 

July 14, 1975 



8 P^i^ul D. Saltman^ 
Chairman / 
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INTRODUCTION 



A. ..ORIGINS OF THE STUDY 

prepared by a committee of the National Research 
Council (NRC), administratively housed within the Commission on Human 
Resources (formerly the Office of Scientific Personnel), in response to 
a request from the National Institutes of Health (NIH) for assistance in 
determining the effett of its traineeship and fellowship programs on the 
careers of^bioscientists. The request was accepted by the NRC on June 6, 
iy/1. Included in the study were two principal tasks: (1) the prepara- 
tion of a computerized roster containing relevant program information on 
^^xIt^ f r^^^ ^"""^'^ trainees and fe.llows supported by the Institutes 
Of NIH back to the inception of the training programs in 1938 and (2) 
the. analysis. of these data and related data to determine the outcomes of 
the training programs observable in the career patterns of bioscientists. 

Although the study committee was appointed late in 1971 and 
guided the project throughout its existence, it and 'its staff were fully 
occupied at the beginning of the project by the requirements of the first 
task. It was successfully completed and a comprehensive record concern- 
ing over 94,000 trainees and-fellows now exists, providing the basis not 
only for the analyses reported here, but for administrative studies 
undertaken ;by the NIH. 

.The study questions addre^ssed by the Committee then guided the 
further activities. They include: ■ " 

• What have been the training support patterns for NIH trainees 
and fellows? How many students have been supported in each biomedical 
field? For how long?. At what point in their graduate careers? 

• What percentage of the NIH pre-Ph.D. trainees and fellows 
ultimately attained the doctorate? How does the Ph.D. attainment rate 

\£or. NIH trainees and fellows compare with that of other/ graduate students? 

• What is the baccalaureate-to-doctorate time lapse of NIH 
appointees? How does it conjpare with the time lapse of doctorate 
recipients in the same fields without NIH support? 
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i What are the post-training careers of NIH trainees and fellows? 
How productive are they? 

^11 u mechanism of support of graduate students (traineeships, 

tellowships, research assistantships under research contracts, etc.) 
a significant factor in academic performance or post-training careers? 

These^ questions are truly formidable,, and some of them— in a 
retrospective, study of this /kind— were unanswerable. In addition, the 
Committee saw the necessity/ of obtaining a clear understanding of the 
institutional setting within which those supported in these programs 
Were trained and made arrangements to. visit or in other ways consult 
with the directors of training programs. This was done through a series 
of site visit and . conference calls. , . 
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The present report contains the results that the Committee regards 
as well-founded on the available data and the experience of training 
directors and trainees. Many other aspects of this problem of evaluation 
arose during the Committee's deliberations, were discussed, and— in some 
instances— explored in staff studies. Not all of the analyses undertaken 
are reported here,/ however, because some proved inconclusive, and others, 
while holding promise of future utility, could not be completed within 
the present study. Moreover, throughout the. report and especially in 
Ch,apter 5, we have set forth some of the difficulties which inevitably 
beset a statistical analysis of data such as those available here. • 

B. THE TRAINING PROGRAMS 

The National Cancer Act of August 5,' 1937, establishecj the National 
Cancer Institute within the Public Health Service and authorized it to 
establish training facilities and award fellowships to the "most brilliant 
and promising research fellows from the U. S. or abroad" for the purpose 
of conducting studies relating to the cause, prevention, and methods of 
diagnosis and treatment of cancer. In 1938, the first NCI fellowships 
Were awarded to 17 individuals in such fields as biochemistry, physiology, 
and genetics. During the 1940's and halfway through the 1950 's, these 
fellowship programs grew slowly but steadily, adding a few hundred new 
trainees each year and spreading out into most of the basic biological 
sciences and many of the clinical s,ciences. In 1948, the first NIH 
training grants were awarded directly to institutions for the purpose of 
strengthening their teaching capabilities. Two years later in 1950 
.stipends were first paid to the trainees by the institutions holding' 
the training grants. In 1956, the spurt of general scientific- activity in 
this country l,ed to a decade of rapid growth in the NIH and its training 
programs such that in 1965, 7,922 individuals entered these programs. 
Since then, the number of entrants has declined each year except for 
1969, which had a slight increase over 1968. As of 1975 the programs 
are continuing at funding levels considerably reduced from previous years 
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Late In 1972, a decision was made within the administration to phase 
out the^m irainin programs. No funds for new --ts , under th 3ms 
vere included in ^inistr^^^^^^^^^^^ 

^2ra e^l^wf rn;us;rai!d'; J^stSo^ctoral fellowship P^^ram - .e funde . 
at about $30 million annually. Then in 1974 Congress P^^^^^^^^^.^ational 
Lsearch Service Award Actl amending previous ^"ining authorities and 
establishing National Research Service Awards which require that trainees 
or ?eilows must meet a payback provision if they fail to pursue research 
Vr teaching activities for a period equal to the nupber of months of 
federal support received. Physicians, dentists, nurses or other hea^^^ 
care providers can satisfy their obligation under this ''^"^ 
in desigLted shortage areas for 20 months for each year of support 
received. • ' 

Toward th. end of the 1960's. the Executive Branch "l ^^^.^^- 
,ent bes.n to re-e...lne |"/^^J«f,/-|Srt "pe Z^e^^^^^^^^^^ 

=°ii'Sr (flnre"tre1;ti?n:i"x"^ Jr^f Mr„ttrfe^Uh S rnot a co„. 
;^int of «H in I9?l Its training prograBS were excluded fro. the 
Study.) 2 

C. RESEARCH PLAN 

The Committee devised a research plan for the study f 
tained basically three elements, who. what, and how. defined as follows. 

Who- The first kind of information heeded was a description of 

~ ^Ti^ r-tirof-t-ifins: -ria.rci-a. 



r •■ jj^j fr^T rhP National Academy of Sciences to conduct a 

iThe Act also provided for the National ac ^^e need 

continuing study and report ^"""^^^^ ^° ^^^^Jer ?he first such report 
for biomedical and behavioral ^^^^arch ^anp^^^^ The first^^^ P^^_ 

Washington, D. C, 1975. 

2The NIMH was established as part of NIH In 194S. J" "p™=„^ 
sSarated fro„ and ^de ^^/-P^^r ^tLf'^sIf Til. to 
rri'JheTlcohil.'Sriribise'Ld Mental Health Administration (AB«m., . 



^^"'"Plished by the establishinent of the roster of former NIH trainees 
and fellows referred to above. The raw data were obtained from the 
?n^r?^ ! °^ augmented by data from the records of the various 

M«„ i! u " completed, this roster contained comprehensive informa- 
Comn^Sr population of trainees- at the time they were in training. 

n^Sr °^ non-supported individuals and those supported by 

S^^n '^^f.f private fellowship programs were obtained frbm the 
Fo^nH^l Science Foundation, the Office of Education, the Woodrow . Wilson' 
F??P 11°^*/ ! "^^^^^^ Association, and the Doctorate Records 

tile maintained by the Commission on Human Resources.. . 

^hat: Information about the subsequent careers, of the people in 
I«^h^"N^^' ^'^^^ primarily by utilizing existing data files such 

Register of Scientific and Technical Personnel and 
similar files providing career data. The. principal mode of operation 
was to match the NIH Roster and the files of comparison groups, against 
the career outcome files to develop aggregate statistics on ca'reef , 
patterns and achievements. Only statistical results were sought. ' Indi- 
viduals were not identified in the .resulting- tables. / . 

Y Although difficult- problems are encountered in using this metho- • 
dology, they are counterbalanced by the fact, that a much larger group of 
people can be studied in this way at less cost and difficulty than by 
means of a questionnaire survey of comparable size. Over 500,000 indi- 
S this ftudy^^^ including about 94,000 from NIH, were involved 

in nn. ^7 purposes of this Study, a "match"- occurred when an individual 
"L. L .f groups was found in one of the outcome files. This ■ 

l^ed "I "'f depending on what facet of a career was being ana- 

rh! n* "ho attained the Ph.D.. the Vate was almost 100% because 

the Doctorate Records File maintained by the Commission on Human Resources 
contains rather complete information on virtually all Ph.D.'s granted 
by U. S. universities since 1920. For other facets of a career the 
cTr-l li°>ited by the amount of information available from other files. 
^ L °" "^^^ c^btained on about 200.000 out of the 500.000 

tM^'^n c! ^'"^^ "matching rate" of about 40% in 

this case. However many. of the individuals in the study were recent 

fnMnf '^'"^ '° ^^t^blish a career pattern or to be 

included in the surveys of professional bioscientists from which the 
career pattern information was derived. For the older cohorts— those 
whose B.A. was prior to 1960-the "matching rate" was. about 60%. 

at„Hv "^^/o'^ piossible to obtain complete longitudinal data in this 
study (i.e.. information on the same individuals at different time 
periods) . What was done instead was to take a snapshot of the primary 
work activity of a. large group of individuals during the 1968-70 time 
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period, group them by cohort, and then try to infer «l^^t: their career 
oatteris were. Although some longitudinal data were available for the 
patterns were. 6 Trainees and Fellows which pro- 

NlH-supported group frori the NIH ^^^^/^ '"^^^ ^ ^hey were ±n training, 
vlded such information on this group during the time tney were x . 6, 

no^reer pafte^lnf ormatidn was available in longitudinal f °rm -d so 
?he^nap8hot technique was used. This snapshot technique Pr°vides at 
Jeast information on' what the members of the study group were ^oing 
dSingTgel^O. At most it gives a rough idea of their career patterns. 

How- The third kind of information needed was how the training 

the indlvlcluais in tne =>uuuy rommittee would have been 

.„pp„„ed .nd n n-support.d^Sro^^ 

more confident that any ooseiveu ^K-n-rtv or other extraneous 

experiment since it was ^ ^"^^^^^""^ Available data had to be used, 
had been operating for over 3° y""' selectivity "factor present 

and it was necessary to recognize that the sej-ectivj-uy 
In the supported group could account for at least a portion- of any 
observed differences in achievements between the groups. 

D. OTHER STUDIES 

Site visits were conducte/by the advisory committee at several 
medical's^Ws and universitie^^ with varying degrees of ^ n^^^^^^^ 
With NIH-supported training p^^^^^^^ purpose of these^^^^^ ^^^^ 

^^:7rZZ:Zr^^l^^^^^^ the departments, and the total 



educational environment. / 



trends . 



E. ORGANIZATION OF THE REPORT 



After' a brief, summary in Chapter 1, .the various mechanisms of 
support are discussed in Chapter 2. Chapter 3 describes that portion 
of the! individual's career dealing with training and education. 

! Chapter 4 deals with career outcomes and achievements. This 
part provides the primary follow-up data and analysis of career patterns 
Included in the analysis are Ph.D. attainment rates, place of employment 
of former trainees, work activities, earnings profiles and estimates of 
contributions made to research. 

The final chapter describes the study of economic and demographic 
aggregates that resulted in the empirical model of the major, factors 
affecting enrollments and degrees in graduate education. The methodo- 
logical details of this modeling procedure are described in Appendix B 
along with the data used in the analysis. . 

The report— as seems fitting in a study of this kind— does not 
contain recommendations for policy. The reader will find extensive 
analyses here and— to the extent the data justify them— interpretations 
of significance, but not recommendations. The Committee hopes, however, 
that policymakers will find the results of the study helpful in deter- 
mining what the programs studied have accomplished and thereby be aided 
in setting national policies in this area. 
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1.. SUMMARY AND PRINCIPAL FINDINGS 



A. CHARACTERISTICS OF THE NIH TRAINING PROGRAM 

■ • _ The first task in this study was to collect data on all the 
trainees and fellows who had been supported by 'the research traininj? 
program of the National Institutes of Health since the training program 
began, in 1938. Out of this task was developed the NIH Roster of Trainees 
and Fellows which provided the basic information necessary to conduct 
the follow-up study of these individuals. Among other things, this 'file 
enabled some details of the complete NIH-wide training programs to. 
emerge for the first time. ■ ^ , 

o About 94,000 people were supported under these research training 
programs^between 1938 and 1972. Many of these received their first award 
as pre-Ph.D. s on training grants during the period of rapid growth 
in the 1960, s. Beginning in 1958, the programs underwent a sharp ex- 
pansion which lasted for about 10 years before leveling off. During 
this time the training grant became the primary support mechanism. 

i,. t-K ! °^ trainees and fellows began their training 

in the basic biomedical sciences, the most heavily supported ones being 
biochemistry, microbiology, and physiology. The clinical sciences were 
next largest with about 30% of the trainees, and the balance was distri- 
buted among other heal th-relate'd ■ fields, the physical sciences, and 
psychology. 

• Although. NIH through its various components, such as the Bureau 
of Health Resources Development (now part of the Health Resources 
Administration), has supported the education of medical, dental, and 
other students in the health professions, the NIH training and fellowship 
programs have generally been directed to the support of training of 
researchers. It is important to make this distinction because the goals 
in each case are very different. Yet it is sometimes difficult to do so- 
clinical research requires clinical knowledge and experience. Support of 
the health professionals generally is designed to encourage practitioners 
in that area; the research training programs, to which this study is ' 
confined, are designed primarily to support those interested in research 
nnd teaching careers. 

20' ^ 
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• These research training programs have provided support to 
pre-M.D. s and post-M.D. 's as well as pre- and post-Ph.D. 's. About 40% 

*^*^ou it"-"*® trainees werfe pre- or post-M.D. 's and 47% were pre- or 
postr^hiD. .3, with 13% unknown. Most of the pre-M.D. 's were part-time 
trainees (less than eight consecutive months of support) who took their 
training in the summer between semesters in medical school. The pre-M.D. 
support was for training supplemental to their medical education. 

■ ■ 

• Almost three-fourths of the people supported by NIH hav« started 
on training grants, one-fourth on fellowships. 

„• The proportion of graduate students in .the biosciences supported 
by -NIH reached a peak of 28% in 1964 and has gradually declined since 
then to about 18% in 1971. In the health professions, the 1967 peak of 
16% has declined to about 10% in 1971. These proportions are estimated 
frokn. data compiled by different sources using different definitions of 
fltelds ^nd hence might be somewhat distorted by this lack of' uniformity. 

( ' • The length of support gfimvided by NIH depends heavily on, the 
academic level of the trainee. TKJv^ who were seeking a Ph.D. received 
more support than others because of the long period of study required 
to attain the Ph.D. The average length of NIH pre-Ph.D. support was 
22 months while for the post-Ph.D. 's it was about 16 months. Some 
students have received both- pre- and postdoctoral support, so that the 
average length of support 2er individual in full-time training has been 
a little more than two years. About 7% of the, appointees have received 
four. or more years of support. 

• The total cost to NIH for a typical fellow whose first award 
occurred during 19.66-70 was about $8,200 for a pre-Ph.D. and about 
$11,000 for a post-Ph.D. These figures include the stipend and depen- 
dency allowances, which go to- the fellow,' ^nd allowances for tuition and 
supplies, which go to the institution. Increases in the amount of 
support have just about kept up with increases in the cost of university 

, education. 

. ♦ 

• Pre-Ph.D. trainees began to receive support an average of 2% 
years after the B.A. Post-Ph.D. .support typically began between one and 
two years after the Ph.D. Post-M.D. 's received their first support 
generally after the residency, about k\ years beyond the M.D. 



B. CAREER OUTCOMES 

• In the biological sciences, those individuals with predoctoral 
traineeships or fellowships attained the Ph.D. more frequently and in 
less time than those without such support. Differences in ability, 
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however, may account for some of the differences in Ph.D. attainment 
rates and in the shorter time lapse from B.A. to Ph.D. 

• The pre-Ph.D. trainees supported by NIH in the biosciences 
between 1956 and 1965 had a Ph.D. attainment rate of 66% compared to 
73Z for the NSF trainees. 63% for the NDEA trainees, and 42% for the 
non-supported group during the same period. NIH pre-Ph.D. fellows had • 
an attainment rate of 91% in the biosciences compared to 89% for -the 
NSF fellows and 69% for the Woodrow Wilson fellows. 

• The attainment of the Ph.D. or M.D. degree is almost always a 
requirement for a research .career in the biosciences. A commitment to 
research, as manifested in the willingness to undertake a long perl>^ of 
training, even beyond the Ph.D. in some cases, is also a chai^^terisCAc 
exhibited by many bioscientists. The data in this study show >Iiatthfe 
more education and training scientists have received, the more li***y 
.they are to be engaged primarily in research activities, to be employed 
by a university or professional school, and to have higher research 
productivity as measured by the number of publications and citations 

in the world's scientific literature. These observations seem to result 
from the interaction that takes place between the commitment to research 
and the training received, the one perhaps complementing the other. The 
association between the level of education and training on the one hand 
and the level of research activity on the other is a consistent one 
which holds for M.D.' s as well as Ph.D.' s, and persists throughout most 
Stages of a career. 

• In general, the M.D.'s who have received NIH support do not 
list research as a primary work activity as often as the NIH-supported 
Ph D 's but the M.D.'s tend to remain in research longer whereas the 
Phioi's'tend to move more frequently into other activities, principally 
teaching and administration. I 

• A little more than 70% of former NIH pogt-Ph.D.'s whose employ- 
ment status was known listed research as their primary work activity 
during 1968-70. Another 24% of this group listed teaching as the pri- 
mary activity. This compares with non-NIH postdoctorals who were split 
A5% into research and 46% into teaching, and with Ph.'D.'s without post- 
doctoral support, of whom 41% were primarily in research and 36/4 were 
primarily in teaching. 

• For M.D.'s attainment of the Ph.D. degree is also an important 
factor in career outcomes. Only 20% of the M.D.'s with NIH post-M.D. 
support but no Ph.D. were engaged primarily in research in 1968-7U, 
whereas almost 50% of those with NIH post-M.D. support and the Ph.D. ^ 
were so engaged. 
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\.««»«..! r all years of experience and at almost all degree levels, 
iorW^^!??/^^''^ ''"^ less, highly paid in 1970 than the alternative 
InJJill °5 ^V^^^"'^''*^' administration, or professional services 

-Ibou^2« M.D 's whose primary activity was research were paid 

about 29Z more than Ph.D.'s in resedrch and about 62% more in teaching 
However the total -income differential between M.D.'s and Ph D 's Js 
probably greater than this because M.D.'s have mote opportuAi^y than 
Ph.D. s to supplement their salaries with income/from private practice. 

„«4rf * J^^^^^J"^*"^ educational institutions in 1970 were 

paid considerably less than those who worked in private industry or 
government or were self-employed. -Liiau!,i.iry or 

C. RELATING MANPOWER FLOWS IN GRADUATE EDUCATION 
TO ECONOMIC AND DEMOGRAPHIC FACTORS 

• scientjts' lll'Zlltl'^^^^^^^ the careers of bio- 
The first could brcalfedl "ItTr-^' ^wo^basically different methodologies 

.were studied and\\S^i?L^ wS£^?esp%^fL^Sif^ 

• wS"a -Wro-'^^^^ emanated from this procedure. The second approach 
was a macro technique where aggregate data on enrollments, degrees, 
population federal funds for training and research, salaries, and other 

period. Out of this analysis came the conclusion that while population 
and economic growth can account for much of the increase in enrollments 
and degrees that has occurred in higher education.' federal funds for 
traineeships and fellowships haye had a highly significant positive 
influence on the number of graduate students in relation to the number 
of baccalaureates and on their distribution by field. 

The proportion of total graduate enrollments that goes to the 

bi°f^d!rr!%°''/''? '"'"""^ '^""'^^ the pattern set 

by federal funds for training grants and fellowships in those fields 

i?<=n ^f^tT""""" ''^^ Proportion of ^h.D.'s produced in these fields 
also seems to react strongly to the behavior of federal student-aid 
programs. The market mechanism as reflected in salary differentials 

t T f"^^^^t impact at the B.A. level. At the graduate 
level, the physical sciences were found to be more affected than the 
biosciences by salary differentials, a result which stems perhaps 
from the^close relationship between careers in bioscience and medicine. 
Federal funds for research also tend to build up the pool of students 
in graduate education in the biological and physical sciences. The 
pull of the ma1:ket is reflected in medical school enrollments which 
tend to draw down the pool of graduate students in the biological and 
physical sciences. ^ 
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These results have been collected into a set of mathematical 
relationships which in effect constitute an empirically developed model 
of the behavior of graduate enrollments and Ph.D. production. 
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2. MECHANISMS OF SUPPORT AND THEIR RELATIONSHIP 
to INDIVIDUALS SUPPORTED AND TO THE TRAINING INSTITUTIONS 



' It should be noted at the outset that certain important questions 
cannot be answered on the basis of the information that was gathered in 
the present study. These questions include the following: 

1. What is the appropriate level for funding the training of 
biosciehtists by the federal government? 

2. Is there some optimal mixture of forms of support? What 
is that mixture? 

3. What. is the net societal benefit to be derived from one 
or another form of support in relation to the field of 
inquiry chosen for support? 

A. From the student's point of view, which of the possible 

support mechanisms lead to the most efficient and effective 
training? 

■ 5. What is the optimum allocation of federal funds for 
research and training among the various disciplines? 

Questions such as these, and ones on related topics, are genelrally 
outside the scope of this inquiry. 

On the other hand, the present study has revealed clearly certain 
significant conseqtiences of the patterns of federal funding for various 
support mechanisms in the period covered by the present study. These 
were summarized in Chapter 1 and .are presented in more detail in Chapters 
A and 5. Basically, the limited evidence — some of it anecdotal, but 
much of it statistical — shows that federal traineeship and fellowship 
programs have been important factors- in attracting students to graduate 
study in a field and in facilitating the attainment of the Ph.D. It 
was the opinion of bioscience educators who were interviewed in the 
course of the Committee's investigation that training grants and fellow- 
ships, more the former than the latter, had proven to be quite useful 
mechanisms for meeting the training objectives for producing well- trained 
bioscientists. The statistical evidence seems to support that belief, 
but it is not possible to provide definitive "proof." 
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• A. MECHANISMS OF SUPPORT 

There are five main sources of financial support for individuals 
for graduate research education; fellowships, training grants, research 
grants, university teaching assistantships, .and private means. The 
current system is pluralistic, since it includes both private and federal 
support, and commonly embrac"^s more than one soui:ce of support. Although 
the mixture of support sources is more complicated administratively than 
a Single source might be. It has resulted in increased flexibility for 
the responsible institutions ^and departments. ..s, 

1. Fellowships ' 

NIH predoctoral fellowships were made directly to the individual 
who had already been accepted for graduate training by a university 
department and who had succeeded in a national competition. Postdoctoral 
research fellowships are available .to either Ph.D.'s or the holders of 
professional doctorate degrees, such as M.D.'s, for advanced research 
graining . * 

The national fellowship program^ — as contrasted with locally ad- 
ministered support programs — allows a more uniform set of standards to 
be used in the selection of research fellows, and the research ' ellow 
has more freedom in selecting his site of training. 

On the other hand, there are a number of disadvantages of the 
national research fellowship. These include a propensity for the 
fellows to concentrate at only a few schpols, and a lack of financial 
support for the departments in which the.^fellow is trained. Thus, there 
is little or no contribution to enriching the scientific milieu of the 
department. Another disadvantage is tha long lead time, generally 9 to 
12 months, needed from the time a fellowship application is made until 
it can be used. The administration of a national fellowship program. 
Involving the evaluation of thousands of individual applications, is no 
small chore, and its costs must .^e considered in comparing support 
mechanisms. / 



lln addition to this type of national fellowsliip, there have in the past 
been fellowship programs such as the NDEA predoctoral fellowships, which 
were authorized for individual university departments with the selection 
of the fellows being made locally by the depai^tments. 
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2. Training Grants 



P^"*"^ ^''^ ^^^""^^ ^° "^^e departments of a univer 

Sity. medical school, or research institution, to strengthen an existing 
S^eSt?J°.^'"f predoctoral and/or postdoctoral trainees La' 
.specified discipline or specialty. The awards are usually made for five 
years after external peer review in national competition. ^nd contain 
t^Mnn ^PP^°^±^tely equal ratio, both for ^trainee stipends and 

tuition, and for support of the academic environment (faculty salaries 
equipment supplies, etc.). in the department in which ^he t^ainSlak^s 
Ihl lnJfr. training-, grants, tralhees ~are selected and appointed by 
the institutional unit teceiving the grant, not by some national body. 

A mbst important advantage of the training grant is that the 
lTrlT% '° '^'"'"'^ ^^"8^^ laboratory or professor! 

?om^ T^"^^"^ ""^^'^'^^ training, as is the research fellow. 

Some believe the trainee thus receives a broader education. Also, the 
training grant allows funds for improvement of the departmental milieu^ 
for research.^ The fact that a new graduate student could be appointed 
as a trainee during his first -year or two of graduate study, and tSen • 
Ifter^be supported by other mechanisms, is considered by ^ome to be an 



.3. Research Grants 

f ■ ■ .. - 

Some predoctoral and most postdoctoral students receive stipend 
support from, grant (or contract) funds based upon their contribution to 
the research program as a research assistant. This type of support is 
iifr advanced predoctoral students or postdoctoral students 

who have already become committed to a specific type of training, judged 
by peer review to be of importance. For them, it provides means of 
concentrating on their research project. The disadv.antages would include 

, the possibility of conflicting responsibilities for education and 
research. Competence in research by an individual scientist or a 
ori™1„"°Lj:i:^!"^^^ accompanied in equal measure by competence 

4. Teaching Assistantships 

. Predoctoral and postdoctoral trainees may be supported by theit 

Institutions as teaching assistants because of their contributions to 
teaching programs. - These teaching assignments are usually at the 
undergraduate level and restricted to institutions and departments with 
large undergraduate teaching responsibilities. 
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In this approach there is no direct cost to the federal government. 
*\^jt ^direct involvement of the trainee in teaching is also important in the 
li>^.;/:iational process. The disadvantages for research training include a 
j/^/^er time to obtain the degree or complete the research and the fact 
t^^^t most medical schools have little or no funds for teaching assistant- 



Private Means 

Many students support their training, particularly at the pre- 
iJoctoral level, through private resources which include family aid, 
private lo^ns, part-time work, or support by a working spouse. 

Many persons believe the use of private funds is quite proper, 
providing economy for the federal- government and placing the costs where 
the benefits are assumed to accrue. Some disadvantages inherent in such 
a policy are: 

1. the personal financial barrier to the training of potential 
scientists would diminish equality of access to scientific 
training based on merit alone 

2. an extension of the time period necessary for completion of 
the Ph.D. degree. 

In regard to private support, the Association of American Medical 
Colljeges (AAMC) conducted a survey of graduate and postdoctoral fellows 
and trainees who were completing their training in June 1970. They 
attempted to assess the number of prospective trainees who might decide 
not to pursue research training if there were a change from stipends to 
loans. About 62% of the 4,000 respondents answered "No" to the question: 
"If no stipend had been available to support your training, but a 
long-term, low-interest loan had been available, would you have been 
able ta continue your plans for -training?" About half of the respondents 
stated that they were already in debt, some in excess of $15,000. The 
percentage of negatives was not particularly different when correlated 
with the size of the debt, the number of dependents , or the trainee's 
age. On the other hand, a survey of graduate students conducted by the 
NSF in 1973^ found that more than 20% of the full-time graduate students 
in the life sciences reported that loans and other personal resources 
were their major source of support. Federal support was the major source 
for 32% of the respondents and institutional and miscellaneous sources 
accounted for the remaining 48% i 



^Graduate Science Education: Student Support and Postdoctorals, Fall 1973 , 
National Science Foundation, Washington, D. C, 1974. 
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B. SUMMARY OF THE COMMITTEE'S SITE VISITS AND INTERVIEWS 



The pursuit of information on the impact of training programs led 
the Comoaaittee into extensive discussions of these alternative mechanisms 
of support, both within the Committee and between the Committee and 
members of the bioscience community. By means of site visits and inter- 
views, the Committee solicited the views of people who had given much 
thought to these issues. The information gathered is anecdotal, but it 
Is relevant to the pros and cons. 

Between June 27, 1973, and June 12, 1974, members and staff of 
.the Committee engaged in site visits, either in person or by telephone 
conference calls. Eight institutions were chosen for the visits, repre- 
senting various regions of the country and varying degrees of training- 
grant support, including some which had recently lost such support and 
one which had never received any training grants from the federal 
government. The eight institutions were: University of Chicago, 
University of Washington, University of California at San Francisco', 
Stanford University, University of Oregon, University of Pittsburgh, 
Jefferson Medical College, and the Milton S. Hershey Medical College 
of the State University of Pennsylvania. The federal training .grant 
support currently in effect at these institutions ranges from $8 milli9n 
annually (University of Washington) to zero (Hershey) . One of the 
Institutions reported a 33% decrease in training grant funds during the 
past year (Jefferson) while others reported losses of lesser degree but 
nonetheless of considerable impact. 

Some 77 faculty and administrators, from the eight institutions 
took part in these discussions. All were helpful in explaining their 
programs, answering questions, and discussing their budgets, plans. 
Ideas, and hopes with respect to the impact of training grants on the 
development of individuals and, institutions and their relevance to the 
ultimate delivery of health care. Faculty at all of the institutions 
agi:eed that there are certain attributes required for the operation of ' 
a worthwhile graduate training program, in the biosciences. These are; 

1, the ability- to engage in reasonably long-range 
planning (five-six years) with respect to faculty, 
students, and programs; 

2, opportunities for interdepartmental interactions in 
terms of research projects, seminars, etc.; 

3, the necessity for a critical mass of students in the 
research programs. 

v 

All asserted that tHe means to thejke ends lies in sufficient money to 
provide: assurance of funding over a reasonable time-span so that 
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program development and continual recruitment of faculty and students 
cai proceed; latitude in research programs to include interaction of 
Individuals from several departments whose expertise can be conjoined 
to address the complex research questions posed in such areas as genetics, 
neurobiology, immunology, etc.; and sufficient personnel— students and 
faculty— so that research productivity is enhanced and momentum is gen- 
erated and maintained. Except for Hershey, which from its inception has 
had agreements for special funding from the state, all institutions have 
relied on training grants to provide a signifi/cant portion of the support 
necessary for meeting these objectives. In some cases, e.g., Chicago 
and Washington, training grant monies have beien used not only to expand 
existing programs, but also to add new ones,/ especially,- those of an 
interdisciplinary nature or those which simply did not exist before 
extramural funding provided the original impetus, e.g., academic 
anesthesiology, therapeutic radiology. In other institutions, the 
presence of training grants has enabled the upgrading of existing pro- 
grams to the critical mass level; before this time they were barely 
viable. 

All institutions which had had training grants asserted that their 
programs were being eroded by diminishing funding from this source, 
albeit in different ways. For ?ome it will mean fewer students and 
coristrictled programs, both of which will diminish what could have been 
accomplished under more favorable circumstances. For others it will 
mean the actual demise of graduate training in certain departments 
or programs. ' " 

. i ■ ' ' ' . . 

A number of respondents believe that without funds for graduate 
students, many highly qualified undergraduates are turning to careers in 
medicine, which are perceived to offer a larger financial" return during 

■ their professional life spans. This notion seems to be substantiated 
by reports by those who still offer full support (tuition and stipend) 
to graduate students: competition for places in their programs is as 
great as. that for their medical school. 40:1 (Hershey). Some respondents 
expressed the view that perhaps too many mediocre scientists had been 
trained during the 1950's and/1960's when more money was readily avail- 
able Yet none would subscribe to the proposition that only, the proven 
and "best" institutions should be funded. Rather they preferred to 
believe that programs everywhere have the potential to improve given 
the proper leadership by talented scientists. Still others _ee. this, 
may be a rather naive and narrow view considering the political and 

. economic complexity of many institutions. 

That the graduate .training period for a bloscientist c?n be ex- 
pected to extend four to eight years provides the basis for the belief 
by the faculty that they see a need to be able to plan ahead if they 
would -^'intain any momentum. Research itself requires . this, and the 



Srcar3ji°Lnf ^'^4"'^^ ^"^°.- ch program enhances the necessity 

tor careful long-ran^e planning. When funding is uncertain or hand-to- 
mouth some directions of inquiry are of necessity not pursued and inter- 
tnltll arrangements not attempted. One perceived result . according 

to some respondents, is a severe limitation to productivity occurr^ngno? 
awlerto't^l' to programs but also because 'thJs JmpUes 

Students- interacting with each other. The 
opinion suggests that productivity, at least in the bioscience^ is not 
made manifest in relative isolation but requires the act^vHnt^rchange ^ 
tfve pro^^ss.''^"'"" to technologies for the operation of this r^gSera- 

relatioIiMi^nf l^T ^"'^^'^^^"^d seemed to be highly aware of the 
care needs of Jh^ lJ '^^^^"ch and training activities to the health- 
tSer " L°n / society. There was little evidence of an "ivory 

wUh "echnolo^? f H 'T''"' "'^"P'"^ °' ^"^^^ research, often combined 
With technological development, which had resulted, in advances in health 
care. They pointed out the fallacy inherent in simply attempting to 
of kno'l^di: increasing their aLamlntarium 

«nm. h ^ drugs, instruments, and understanding. And a bit wryly ^ 
some observed that the general population is wont to forget. oncH 

he^^rcare^dajv^l:- '^'^''^ ^"^^^^ ^^^^ research^a^ have on 
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3. CHARACTERISTICS OF THE NIH TRAINING PROGRAMS 



In this chapter we shall examine some of the significant charac- 
teristics, of the two primary instruments of NIH training support — the 
research fellowship and the training grant programs. The fellowship is 
the older of the two instruments. The legislative authorization for it 
first occurred in the Ransdell Act of 1930, which created the NIH and' 
established the federal responsibility to conduct and foster biomedical 
research; and in the National Cancer Act of 1937, which authorized the 
Surgeon General to establish and maintain research fellowships providing 
stipends and allowances to individuals specifically for the study of 
cancer. In succeeding years. Congress has established other . Institutes 
of the NIH and provided them also with broad' training authorities in 
other fields. . / 

The research fellowship program originally supported both pre- 
doctoral and postdocotral training. The predocotral program was phased 
out in 1970 following a reassessment of the program which indicated that 
predoctoral training could best be accomplished by the training grant 
mechanism. The fellowship program provided standard stipends determined 
by the fellow's level of training, and allowances for dependents, tuitior 
and supplies. 



^See p. 23 for a list of the Institutes covered in this report and the 
years they were established. 
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noo^ f training grant evolved from the fellowship concept as the 
need for a more powerful and versatile instrument was recognized. Train- 
ing grants are awarded competitively to . institutions in support of par- 
ll^l^lJ^^^^^^X^--^---- that have been designed and proposed , for speci- 
tL'ouror;he^' rf"'"' institution selects the trainees and supports 
them out of the training grant funds. Funds are also available for oai?- 
tial support of faculty, supplies, and other training elements! In thL 

the fuL. ''""r "'"'"^ ^ ^"^^ ^^^1 °^ f-^d- in determi;ing how 

for ^ ^^^^ ^^^^^^^ responsibUity 

for providing a high quality training program. loii-ity 



A. DATA SOURCES 



Istrative^ "^Tl^ ^f^Collection System of the NIH maintains the admin- 
istrative records of the trainees and fellows on a fiscal-year basis 

HenS' TAorTTu, '° ^-^^^^ ^^e records fot an individual trlin;e. 
Hence, prior to this study, it has been very difficult to estimate the 
number and characteristics of the people who have been^.upported by the 
NIH training programs, because many of them are supported over a period 
bLn n'lf ''r"/"^'^' composite record of these appointments had not 

Srfrom'!96?*to ^5.'s""°r' ''''' ^ata were not automated, 

and from 1961 to 1965. only a punched card system was used. 

. u..^^ °^ ^"^^ earliest and most difficult tasks of this study was to 
establish a unified file of all .individuals who have ever partSpI^ed 
M?H r. i""^ programs of the NIH. This file, which is called the 
NIH Roster of Trainees and Fellows, provided the basis for the Committee's 
follow-up study and is now available to NIH as an administrative 
a longitudinal file of all . the people it has supported. The file was 
developed by collecting all the records pertaining to individual trainees 
or fellows from the NIH Central Data Collection System, augmenting these 
^rLw%M''l f individual Institutes of ^he NIH? ani sum" 

marizing this information for each individual. An attempt was made in 
this study to collect complete data for the major training grant and 
f« ^^^^''"^"'"^ °^ ""^^ research Institutes of the NIH for all years 
in which they operated. The ; fellowship programs included here are the 
predoctoral..^ postdoctoral, special, f ellowship-traineeshn.p and Sect 
traineeship programs. Specifically excluded are the Research Career 
lllllTn l.^ ^hich are considered to be for research rather thin for 
training. Since some of the records were as much as 35 years old, there 
undoubtedly are omissions and errors in "the file. .Although these'may 
affect individual records and reduce the statistical validity for groups 
in.whxch there are few cases, it is believed that overall the file is 
sufficientjly accurate to present a reliable historical summary of the 
training programs. 
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Data presented in the present report cover the period from 1938 
through, fiscal year 1971 for training grants and fiscal year 1972 for 
fellowships. 2 The information collected from the trainees and fellows 
hy the lilE has varied somewhat over the years, but generally consists of 
biogr^phS^ data about the trainee and othe^ data describing the terms of 
the award Nsuch as entry arid termination dates, stipends and allowances, 
field of training, funding Institute, etc. 

The result of all this is that it is now possible to d(5tenpine 
the total number of people supported by the NIH training fund J, in what 
fields, by what Institutes, for how long, and at what academip levels. 

1. Questions\ to Be Answered 

> The training programs can be examined from many different view- 
points', depending on\what,it is that we wish to learn from the data. 
Some questions will be centered on the field, of training; others might 
be concerned more with the academic level of the trainee. So we must 
try to establish a fairly general scheme of presentation which 'will 
satisfy a broad range of inquiry. 

The. taxonomy of the training programs is such that an individual 
who participated in them can be classified according to five major de- 
scriptive categories as follows: 

1. academic level of the trainee 

2.. type of program (training grant or fellowship) _ 

3. field of training ' 

4. training status (full- time or part-time) 

5. NIH Institute sponsoring the training 

Of course there are other categories that could be added to the 
list, such as the training institutions, but the ones listed above seem 
to define the major dimensions of the programs for ipurposes of this stuay. 

The dynamic aspects must also be considered, both from the view- 
point of the individual and from that of the programs as a whole. The 
classification of an individual within any of the five major categories 
described above ran and frequently does change during the course ot nis 
training. This poses the problem of how to classify a trainee for de- 



^Trainiiig grUts are forward-financed but fellowships are " Tf^^p^o- 
means that trainees on duty in FY 1972 were supported out °f /""^^^^Pj^Jiy 
priated in FY 1971. Thus the cut-off point for this report is ^essentially 
all trainees anrf' fellows on duty through FY 1972. 
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for all poSctorartrlinees^i^I . d^criMng the length of support 

NIH trallll^r^'' ^""^^f °* ""^^ <^ provide-an overview of the 

be uaed for this purpose are aa'folS^a- ""' quantities that can 

* 1- number of people participating 

2. length of supported period of training , 

J. dollar amount of support 

4. time lapse front degree to first training award 

cussed StMn sections, each of these quantities will be dis- 

Jiifdlsru s o\f :i rS\f rr'^' established for this analysis''^ 
finding-other. JJ^^^^^ ^ ^ ^ inlppl^dlf 1!^, 



no confidence intervals or tests Sj^n^f ^^^^ assumption 

h»o^^ r staDLUty in the future. In most cases, the resul t<5 

L :he°te«:'' ""^ """" ^= iJ willle^n^t^d 
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B, THE NUMBER OF PEOPLE PARTICIPATING • 

Through 1972, almost 94,000 people participated in the research 
training programs since they began in 1938. By far the major portion of 
the training has occurred, in the last decade, with 85Z of the trainees 
starting their training since 1961. Figures 1 and 2 illustrate the size 
of the training programs from several different viewpoints. \ 

1, Institute Characteristics 

When comparing the Institutes of the NIH, it must be remembered 
that each one has its own objectives, emphasis, and time .frame for its 
operation. The Institutes have been establishedH^y legislation at various 
times since the National Cancer Institute was established in 1937. The 
age of each Institute, along with its objectives and fields of interest, 
will of course play a large part in determining the number and types of 
peer e it has supparted. 

The Institutes covered in this report are as follows: 



Year 
Established 



NCI 


National Cancer Institute 


1937 


NIAMDD 


National Institute of Arthritis, Metabolism, and 






Digestive Diseases 


1947 


NIAID 


National Institute of Allergy and Infectious Diseases 


1948 


NIDR 


National Institute of Dental Research 


1948 


NHLI 


National Heart and Lung Institute 


1948 


NINCDS 


National Institute of Neurological and 


1950 




Communicative Disorders and Stroke 


NICHD * 


National Institute of Child Health and Human 




Development 


1963 


NIGMS 


National Institute of General Medical Sciences 


1963 


NEI 


National Eye Institute 


1968 


NIEHS 


National Institute of Environmental Health Science 


1969 


The programs of the National Institute of Mental Health (NIMh) 


are ex 



eluded for all years, as is the National Institute of Aging which was 
established in 1974, 

NIGMS has been the largest supporter of research training, having 
initiated the training of 39,411 persons, or 42% of the total. Most of 
these (65%) have been in the basic biosciences with special emphasis on 
biochemistry. 

4.2 
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Figure 1 - NUMBER OF PERSONS^ SUPPORTED BY NIR IN VARIOUS CATCGORIES 



YEAR OP FIRST AWARD 
193a-45 
1946-50 ^ 
1951-55 ^1 
1956-60 




^2 Full-time 
[ I Part-time 



1966-72 



-L 



INSTITUTE AT FIRST AWA RD 
NIAID (Allergy) 
NIAMD (Arthritis) 
NCI (Cancer) 
NICHD (Child Health) 
NDR (Dental) 
NIEHS (Environmental) 
NEI (Eye) 
NIQIS (Genrl Medical) 
NULI (Heart & Lung) 



10 



20 ' 30 
Thousands of persons 



NIKCDS (Neurological) ^^j^^jj^j^T^ 



10 



ACADEMIC LEVEL AT FIRST AW ARD 
Pre-PhD 
Post-PhD 
Pre-MD 
Post-MD 
Post-MD/PhD 
MD/Pre-PhD 



-t \ 1_ 

20 30 
Thousands of persons 




— U 

AO" 



-a 

50 




t 

AO 



I 
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PROGRAM TYPE AT FIRST AWARD 



Trainees 
Fellovs 



10 




20 . 30 

Thousands of persons 



40 



—I 

50 



TOT A L 



J L 



20 



J L_ 



^1 



^0 . 50 60 

Thousands of persons 



— » 1 1 

80 100 



Source: NIH Rooter of Trainees and Fellows, 1938-72, Summary Pile B, 
^ Commission on Human Resources, NAS/NRC, Washington, D* C*, June 5, 1976. 
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•NIAMDD has supported most of the research training in the clinical 
specialties and .87% of these clinical trainees have received research 
training in internal medicine 

■ The Cancer Institute (NCI) was the first Institute to sponsor re- 

search training,' but has supported only about 11% of all trainees. The 
NCI training. programs have heen fairly evenly divided between the basic 
biomedical science s..(^l%) and the clinical sciences (36%), in the latter 
of which the emphasis has been on radiology. The remaining 23% has been 
distributed^ over the physical sciences, engineering, and miscellaneous 
health fields. 

The NHLI has been the second largest Institute in terms of the 
number of. people trained, and their programs have also been almost 
equally divided between the basic biomedical and clinical sciences. In 
the basic biosciences, the emphasis has been on physiology, while the 
clinical scientists have specialized in internal medicine and surgery 
research training. . . , 

2> Specialty Field Characteristics 

The NIH training programs have covered a wide range of scientific 
disciplines (see Appendix Table A2 for a list of the broad fields). The 
basic biomedical sciences account for about one-half of all training fields 
.the clinical sciences account for about one- third, and the remaining one- 
sixth is accounted for by other health-related fields, bioengineering, 
mathematics, physical science, and psychology. The single largest field 
is internal medicine; 12% of all trainee^s began their training in this 
field. ''Clinical Medicine-other" is. a broad field in which a large 
number (8%) of trainees are found. It includes such categories as multi- 
disciplinary training and cancer" chemotherapy. The basic bioscience field 
of biochemistry, microbiology and physiology are the next largest with 
8%, 7% and 6%, respectively, of all trainees receiving their first awards 
in these fields. 

3. Characteristics of Training Status (Full-time or Part-time) 

* For purposes of this study the trainees have been classified as 
full-time if they participated for at least eight consecutive months at 
one academic level (pre- Ph.iy. , post-Ph.D., etc.), and part-time other- 
wise. Full-time training thus defined is roughly equivalent to one 
academic year. Part-time training included summer appointments, special 
purpose appointments, or the category of people who did not complete 
their training. 
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AliDOSt three-fourths of the trainees were full-time, with the 
basic bioscience trainees having a higher full-time rate (78%) than the 
clinical science trainees (63%). The category of training defined as 
"Clinical Medicine-Other" has a very low rate of full-time participation 
(23%) due to the fact that over 80% of the people who were trained in 
this field were pre-M.D.'s whose training occurred mostly 'during summer 
appointments. 

A. Academic Level Characteristics 

One of the most important dimensions of the training programs is 
the academic level at which the training occurred, since the goals of 
the programs and the trainees vary according to the educational stage of 
the training. Basically, the programs have -supported both predoctoral 
.students working for doctorate degrees, and -postdoctorals . For post- 
doctorals the doctorate could be either a research or professional de- 
gree. The research doctorate is defined as the Ph. D. or equivalent; 
the professional doctorate is an M.D., D.D.S., D.V.M. (Doctor of Veter- 
inary Medicine), or the equivalent. (To simplify the exposition, in this 
report all res^iarch doctorates will be designated as Ph. D.'s, and all 
professional doctorates will be designated as M. D.'s.) The academic 
levels are defined as follows: 

Predoctoral (pre-Ph.D.) - Individuals who do not hold a 
doctorate (either research or professional) 
and who are seeking a research doctorate 

Postdoctoral : ^ 

a. Post-Ph.D. - Individuals who hold a re- 
search doctorate or the equivalent 

b. Post-M.D. - Individuals whose highest 
degree is a professional doctorate, and 
who did not indicate that they were seek- 
ing a research doctorate 

c. Post-M.D./Ph.D. - Individuals who hold both 
research and professional doctorates and are 
seeking additional research . training 

d. Pos t-M. D . /pre-Ph . D . - Professional doctorates 

/ who indicated they were seeking a research doctorate 
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Sottrcej m Roster of Trainees' and Fellows, 1938-72. Si«ry File B. Comission on Huaaa Resources, NAS/NRC. 
Washington, D.C., August 5, 1975. (See Appendix A for more detailed tables.) 



*TotBl figures included 63 individuals with unknovn on 



.program type. 



%■ : Pre-prbfesslonal doctorates (pr^M.D-) - Individuals whose 

^ highest degree is leiss than a doctorate and who are 

seeking a professional, doctorate and are taking 
time out for research ts^raining \ 

Other - Individuals without a dpctdrate degree who indicated - 
I ' they were not seeking anyMegree or who were seeking 

t ' ■ a baccalaureate or nursing V^g^^^ 

1 Table 1 shows how the trainees and fellows were distributed by academic 

level at first award. ; 

Many trainees receive their first support as pre-Ph.D.'s and con- 
t tinue their training. as post-Ph.D.'s after they receive their degree, 

i But unless this pattern is clearly pointed out, the data in Table 1 

I' may be misinterpreted. It is shown there that over 30,000 trainees. 

started as pre-Ph.D.'s and less than 8,000 started as post-Ph. D.'s. 
j But about 13% of these pre-Ph.D.'s had a subsequent post-Ph. D. appoint- 

!' ment. Overall, about 13,000 trainees had a post-Ph. D. appointment at _ 

some time during their training period. 

As pointed out earlier, up to 1948, fellowships for either Ph.D/fi 
or M.D.'s were the only mechanisms used for. support. But in 1948. the 
first training grants were awarded to a few professional schools for 
the purpose of strengthening their teaching capabilities. Under these 
Initial grants, the funds could be used for equipment and support of 
faculty, but not ^or stipends to trainees. Later, in 1950, funds for 
t stipends were included and. the training grants also became a mechanism 

' for supporting trainees. The training grant proved to be a very popular 

form of support because of the flexibility it offered , to the t^raining 
\ institutions in the allocation of funds* 

Under the training grant mechanism, the support of pre-Ph.D.'s 
grew rapidly as shown below (Table 2). In time, the predoctorals had 
become a significant component of the* training programs. 

Table 2 - GROWTH OF PRE-PH.D. TRAINING 

Period Pre-Ph.D.'s as Percentage 

of all Trainees and Fellows ' 

1956-60 .10 
1961-65 33 
1966-72 ^0 

50 
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A special part-time fellowship program for medical and dental stu- 
dents was initiated in 1954 for the purpose of stimulating "student in- 
terest in research V to permit early identification of research tarlent 
and'^to provide selected individuals with a research experience as a 
supplement to their formal education. In 1957 another program of fellow- 
ships was established, permitting medical and dental students to spend 
a year in research between their pre-clinical and clinical years. These 
programs were small ones: only three individuals could be identified in the 
file as having received their first award as a pre-M.D. fellow (See Appendix 
Table Al). 

. X . '' . . 

A large number of pre-M.D. s were supported on training- grants. 

Most of these were part-time trainees who received their training during 

the summer between semesters. A smaller group were classified in this 

study as full^-time pre-M.D. *s although they were not strictly medical 

students at the time they were supported on the training grant. Some 

dropped out of medical school for a year to receive research training. 

Others received support under the medical-scientist training program of . 

NIGMS which was specifically designed to provide research training for 

professional school students whose career goals were to be scientists 

rather than practitioners. The training received under this program 

yas equivalent to a combined M.D./Ph.D. program. 

Overall, of those receiving full-time training, 47% have been 
non-M.D.'s, 40% have been M.D.'s, and 13% unknown. For part-time 
trainees,- it is the other way around: 58% have been M.P.*s or pre-M.D. 's, 
21% non-M. D.'s, and 21% unknown. 



5. Proportion of Total Graduate Enrollments Supported by NIH 

The, proportion of total graduate enrollments supported by the NIH 
rose quickly to a peak in 1964 and has tended to decrease since that time. 
As shown in Figure 3, this trend is especially noticeable in the biologi- 
cal sciences where the approximate proportion supported by NIH was the 
largest (28%) of all fields. In 1960, NIH provided support to 640 pre- 
Ph. D.'s out of 13,060 gra^duate students enrolled in the biosciences (5%); 
in 1971 it was 6,058 out of 36,499 (17%). 

In the health professions, the peak proportion (16%) was reached 
in 1967, some three years later than in the biological sciences, and this 
field also exhibits a de'clinii;ig-^proportion in the last few years. 



^ NIH Training Programs Now and In the Next Decade. Office of the Associate 
Director for Extramural Research and Training, NIH, Bethesda, Maryland, 
1970, p. 3. c; 1 



30 



M a proportion of total graduate anrollma«a in all acianca flalda, 
,he MIH-supported group has nevar baan above «. 

It should ba noted that the -"f 'i-" f "f" fthf ra^'^hir' 
yaople and total graduate anrollmanta Is ^rPji^^J^^^^X^'h Sbu^atas 
Vfleld definitions uaed by the "^^"''^^JSa wl h those used by 

Ph.D. candidates, »hereas many graduate ""f^"" "" °°„„^„ i„„g as 
'those .ho are -tift"t: Tairt axtSf airin what dlrac- 

jr«^%S:e"f:;to^'s fnfti^^iriwo^^iilson but their presence does 
ta« some bearing on the Interpretation of the numbers. 

. P.n pn.tion of - ^ ^ with Pre-Ph D or M.u. /Pre-Ph. D. 
fr^n. fhe Nlti 

A Inalcal sequel to the discussion in the previous section is a 
presantttfofof d": on - Proportion - --^-—J?-- Sf.™. 
year who had received pre-Ph.D. or 'P"^^";"^, corresponding 
L ngure 4 =^7.„^^-3%^nh:rfSlo"a sSuaf :tS^n with I lag 
TfTrh "prt^i^ i Jo^r y^frs hls^l^^^ 

rfraron"h!°D':1tt:iLrt.'Srbrthi^;o;osl^t;ons „hlch wm be a.- 
plored further in the next chapter. 

C. LENGTH OF TRAINING SUPPORT 

The typical trainee has been -PP°«f //^.f :;L:^:irari;oun5 
the dlstributior of length » -PP°«„^ So^ people 

W ZlTll.Zr'Zk l"rt:eaiL draining for more than five years, 
although these are exceptional and Infrequent cases. 

.he length of support depends on '^^^/-/-^'^/Z-pp^rt'^LroSfr; 
those trainees »ho were seeking a Ph. D. received mora VP 

'The blologicaltllnces as ^af Inad by the Off lea of^Educat^^^^ 

the following fields: anatomy ana ' K^ nav bioohvsics , 

mycology, parasitology mlcrobloosy)^ 

botany, cytology, ^'=°^°P' ^"""L ''coloey, physiology, zoology, and 
rer'blo^riras!' ^S:^^ SU^eas as defined by the 

are shown in Appendix Table A2. 
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(thanpost-Ph.D.'s for example) simply because it takes longer to achieve 
thl8 goal. Full-time pre-Ph.D.'s were supported for the longest period 
(26 months on the average), closely followed by M.D.'s seeking Ph. D.'s 
who received an average of 24 months of support. But since the average 
for all students is about 7 years from B.A. to Ph. D. in the .biosciences, 
the NIHrSupported period represents just about 30% of the total time for 
those who received such support. 

<.} 

The shortest period of support has gone to pre-M.D.'s, most of 
vfaoffl were trained on a part-time basis. 

Individuals whose first award was a fellowship received about four 
months less support than those who began on training grants, 23.3 versus 
27.0 months. This is a reflection of the fact that feljLows usually re- 
ceived their first award at a more advanced academic level than did 
trainees. At the pre-Ph.D. level for example, the trainees have re- 
ceived their first appointment to a training grant at an average 0/2% 
years beyond the B.A., whereas the fellows have received their first 
award at an average of 33s years beyond the B.A. 

Figure 5 illustrates the distribution of length of support; 
Figures 6 and 7 show the average length of sujppoft in various categories. 

The average length of support has varied over the years due pri- 
marily to the shifting mixture of students from predominantly post- 
doctoral to predoctoral. And since the predoctorals generally deceive 
longer support, the overall average length of support has tended- to 
Increase along with the growth of the predoctoral programs from 1950-65. 
Figure 7 shows the time pattern of average length of support. The 
decrease from 1966 to 1972 reflects only the fact that many of the re- 
cent trainees have not yet finished their training.. 
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yigura 5 ^ DISTRIBUTION OF LENGTH OF NIH SUPPORT AT EAQl ACADEMIC LEVEL 
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.?Uuf'S-(cont.) 1 DISTRIBUTION OF LFJJCTH OF NIH SUPPORT AT EACH ACADEMIC LEVEL 
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Source: NIH Roster of Trainees and Fellowa, Sumnary File B, 7/28/74, 
KAS/NRC, Comnlttlon on Human Resources, Washington, D. C. 
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Figure 6 > MEAM LEMGTH OF NIH SUPPORT FOR FULL>TP g miKEES AND PEUOWS 
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Source: NIH Roster of Trainees and Fellows, 1938-72, Commission on Euman Resources, 
HAS/NRC^ Washington, D. C. 
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rU»r«y > M>AN LUNGTII OK MIH SUPPi^RT KOR FULL^TIHH TK/MNKKS AND FELLOtfS 
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So«rc«: U^IJ^Jo-^*^ of Trainee, and Fellows, 1938-72, Communion on Hamun Resource., NAS/NRC, 
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D. TOTAL DOLLARS OF SUPPORT 



\ 



The NW training' programs provide support to. the trainees and fellows 
in the fofti of stipends based on the individual's academic level, and 
allowances for dependents, tuition, travel, and supplies... The 1974 annual .. 
stipend levels for fellows and the ceilings for traineeships were as follows 



1. Predoctoral ^ 

(a) $2,400 (first post-B.A* year) 

(b) $2,600 (years between first and. terminal year) 

(c) $2,800 (terminal year) ^ 

2. P ostdoctoral 

(a) $6,000 (no relevant post-Ph.D. experience) 

(b) $6,500 (one year , relevant post-Ph.D. experience) 

(c) $7,000 (two or more' years relevant post-Ph.D. 

experience) 

1, Special Fellowships . . . . . ' 

Annual stipends for special fellowships are deter^ 
mined on an individual, basis. Previous training 
and experience, current salary, etc. are factors 
used in determining the special stipend level. 

the case of postdoctoral and special fellowship?, the institu- 
tion may receive up to $1,000 for supplies. For predoctoral fellows, 
the institution may receive an allowance of $2,500 in lieu of tuition, 
supplies^ aiid all other required fees. 

ttvese levels have been in effect since 1967. From 1958-67, changes 
in stipeAd levels have occurred at. irregular intervals, as shown in 
Table 3. 

tn FY 1975, the predoctoral stipends were raised to $3,900 at all 
levels and the dependents allowance was eliminated. Postdoctoral sti-. 
pends tioW range from $10,000 to $14,000 and the institutional allowance 
has been raised to $3,000. 

The median stipend per month of support for a trainee during 1966-70 
was about $242 per month at the pre--Ph.D. level and $518 per month at the 
post-Ph D level. For fellows who receive their first award during the 
same period., the figures, were $250 per month for a pre-Ph.D. and $534 per 
month fot a post-Ph.D. (Tables 5 and 6). 



6PHS Grants Policy Statement, publication //(0S)74-50,000, USDHEW, 
Washington, D. C, July 1, 1974, p. 63. 
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Table 3 - NIH STIPEND L EVELS. FISCAL YEARS 1958-1968^ 



1958 
1959 
1960 
1961 
1962 
1963 
196A 
1965 
1966 
1967 



Stipend Levels 




$1600- 
1800- 
1800- 
1800- 
1800- 
1800- 
1800- 
2400- 
2400- 
2400- 



-2000 
■2200 
■2200 
•2200 
2200 
2200 
2200 
2800 
2800 
2800 



$3800 
4500 
4500- 
5000- 
5000- 
5000- 
5000- 
5000- 
5000- 
6000- 



■4600 
■5500 
•5500 
6000 
6000 
6000 
6000 
6000 
6C00 
7000 



Sour 



ce: 



Lee, 



^fnm' h, °f f ' -^r.inin, Programs on P...>..H.n in the 

Biomeaxcax^ci ences, Nationa l Institute of General Med^ g^T^ 
Sciences. National Institutes of Health, Public Health S^Jvic 
U. S. Department of Health. Education and Welfare 1969 



aPrior to July 1, 1965. training proj 
at any level justifi " 



the official stipend 



o training project directors could pay stipends- 
ed by "institution policy"; since July 1, 1955 
levels are maximal. 7 . 7ov> 
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The total cost to NIH for a typical fellow whose first award was 
during 1966-70 was about $8,200 for a pre-Ph.D. and about $11,000 for a 
pos't-Ph. D. The^e costs covered an average period of 18 months for a 
pre-Ph.D. fellow and 17 months for a post-Ph. D. They include the sti- 
pend and dependency allowances which go to the fellows, and allowances for 
tuition and supplies, which go to the institution. 

Over time, the amount of support per month of training has just 
about kept up with the increase in the cost of education for the student. 
The average charge for tuition, room and board for a full-time university 
student has increased at about. A% per year from 1957 through ,1970. 
During roughly the same period, irregular increases in stipends and_ 
allowances have increased the median dollars of support per month of 
training for a pre-Ph.D. trainee about 5% per year and about 3%. per year 
for a post-Ph. D., as shown in Table 4. 

Ta ble 4 - AVERAGE ANNUAL RATES OF CHANGE IN .STIPENDS AND ALLOWANCES 

PAID BY NIH. 1956-70 



TRAINEES 

Pre-Ph.D. 
Post-Ph. D. 
Pre-M.b. 
Post-M.D. 
Post-M.D./Ph.D. 
Post-M.D. /Pre-Ph.D. 



$ /Months oi: training 

+!)% 
+3% 
+3% 
. +6% 
+4% 
. +7% 



FELLOWS 

Pre-Ph.D. 
Post-Ph. D. 
Post-M.D. 
Post-M.D./Ph.D. 



+4% 
+4% 
+6% 
+(3% 



7 Digest of Educational Statistics . U. S. Office of Education, USDHEW, 

Washington, D. C. , 1973, p. 74. ii'-r>HFU 
p..-| .nrinn. nf Educational Statistics . U. S. Office of Education. U.DHEW. 
Washington, D; C, 1969 and 1972 editions, plus unpublished data of the 
National Center for Educational Statistics, USOE, USDHEW. 
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Table 5 - MEDIAN AMOUNT OF SUPPORT PAID TO NIH TRAINEES AT EACH ACAD EMIC VeVEL 

(Table entries are dollars unless indicated otherwise) 





Fiscal Year of - 
First Award 


Pre- 


Post- 
Ph*D* 


\ Acad< 
Pre- 

m«d\ 


smlc Le 
Post- 
M, D« 


vel 

Post 
M/D«/Ph,D« 


\ 

M.D./ 
Pre-Pli^D. 


Median . 
Stipend 
Per Month 


1956-60 
1961-65 
1966-70 


204 
238 
242 


424 
494 
518 


200 
216 
257 


336 
502 


406 > 

*♦ / J 

512 


\ 

313 \ 
456 \ 
521 \ 


of Support 


Total » All Years 


241 


514 


241 


458 


475 


502 I 




Average Annual 
Rate of Increase' 
1956-70 


1-7Z 


'2.2Z 


2.5Z 


4.1Z 


2,3Z 


5-2Z^ / 


Median 

Total Dollars 
Per Month 
of Support 


1956-60 
1961-65 
1966-70 


208 
258 
338 


424 
511 

581 


200 
219 
271 


336 
433 
583 


406 
482 
579 


326 . ' 

498 

648 


Total, All Years 


3i2 


' 560 


251 


489 


. 498 


586 


Average Annual 
Rate of Increase 
1956-70 


5,0Z 


3.2Z 


3.1Z 


5.7Z 


3.6Z 


7.1Z 


Median 

Total 

Dollars 

of Support 


1956-60 
1961-65 
1966-70 


3578 
4759 
8261 


4166 
6548 
8258 


1537 
1331 
1368 


4392 
6420 
8241 


4549 
6211 
%9I6 


3409 
8496 
12449 


Total» All Ye^rs 


7071 


7404 


1372 


7173 


6441 


9868 V 


Average Annual 
Rate' of Increase 
1956-70 


8,71 


7.1Z 


1.2Z 


6.5Z 


7.0Z 


, 13.8Z 



Source: NIH Roster of Trainees and Fellows, 1938-72, Summary File B. Commlss 
on Human Resources, NAS/NRC, Washington, D. C, July 5, 1975. 
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Tabltt 6 - MEDIAN AMOUNT OF SUPPORT PAID TO NIH FELLOWS AT EACH ACADEMIC LEVEL 



(Table entries are dollars unless indicated otherwise) 







Academic Level 


Fiscal Year, of _ 
First Award 


I»re- 
Ph.D. 


Post- 
Ph.D.. 


Pre- 
N.D. 


Post- 
M.D. 


Pose 
M.D./Ph.D. 


Pre-Ph.D. 


Kedlan 
Stipend 
Per Moach 
of Support 


^ ■ ■ 
1956-60 
1961-65 
1966-70 


199 
182 
250 


428 
468 
534 


(a) 
(a) 


435 
503 
759 


519 
634 
859 


(a) ^ 

477 

7A4 




Total » All Years 


228 


486 


226 


472 


603 


527 




Average Annual 
Rate of Increase 
1956-70 


2.3Z 


2.2Z 


(a) 


5.9r 


5.2Z 


4.5Z 
(from 1961) 


Median 
Total 
DoUar8 
Per Month 
of Support 


1956-60" 

1961-65 

1966-70 


317 
428 
463 


455 . 

578 

656 


(a) 
(a) 


456 
659 
841 


551 
689 
971 


(a) 

716 
846 


Total, All Years 


449 


587 


276 


572 


678 


757 


Average Annual 
Rate of Increase 
1956-70 


3.9X 


3.7Z 


(a) 


6.3Z 


5.8Z 


1.5Z 

[from 1961) 


Median 

Total Dollart 
Of Support 


1956-60 
i 1961-65 
1966-70 


5294 
9713 
8167 


8003 
10388 
10703 


(a) 
(a) 


7278 
9965 
12553 


9821 
8846 
12386 


(a) 
12569 
13281 


Total, All Years 


9142 


9676 


2083 


8962 


9541 


12731 


Average Annual 
Rate of Increase 
1956-70 


4.4:^ 


2.9Z 


(a) 


5.6Z 


2.3Z 


0.5Z 



Source: NIH Roster of Trainees and Fellows, 1938-72, Summary File B, 
on Human Resources, NAS/NRC, Washington, D.C., July 5, 1975. 

/(a) Less than 10 observations. 
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and Tablf 6 i t "^"^^^'^ °^ ""PP°" P^" NIH trainees 

and Table 6 -shows the same for fellows. The total dollars of support 

because thrnumber 'r'"^"' ^"^"^ '""^ ^"^^"^ per month 

sW^^M.^ number of months of support have also tended to increase 

peS^d is iJosr' r";" "tT ^his stretching-out of the support 

grinds In rhir ''•"•'^ ^""^'"8 ^^-^-'^ °" "^"i'ing 

ft about 6? n^" ^^^^..the length of supported training has increased 
II total doUar/'r"'' resulting in a 14% per year increase 

xn total dollars of support at this academic level. 

E. TIME LAPSE FROM DEGREE TO FIRST TRAINING APPOINTMENT • 

within °^ ^""^ P°st-Ph.D.'s begin to receive NIH support 

ment Ln^h ^^^"^ "^^^ ^^8"^' the time lapse to first appoint- 

as LpUed bv^hl '^"''^ "'"^'^^^ '^^^'"^"g ^f*^" "^he residency. 

CO first post-M.D. appointment. 

lone oe^nHf^'f^ years of the training programs were characterized by 
long periods of elapsed time from degree to first training appointment 

rLe fnrf'"'^ ^""^ P^^i°d -^ampli. the average 

tSs lll L . P°-^-I'h.D.'s was over 4 years after ?he Ph. D.. but 

^M^h f ^'^^f ^^^'^ the years and in the most recent period for 
tJe ^95fi !' u'^" ''"^^ ^^P" 1^^^ than 2 years. m 

an aierte nf? Pre-Ph.D.'s received their first appointment at 

l±Sr ot ^ r^fo this also has decreased over 

of a new in 1971-72. After this initial period for establishment 

of a new program, the time lapse seems to level off to a fairly stable 
where'.h ' discernible time trend occurs with the post-Ph.D 's 

where the average time lapse of 30.6 months -in the 195^-60 period de- 
creases steadily to 20.6 months in the 1971-72 period Jsee Table 7)! 

to flrsforl °f the NIH the median time lapse from B.A. 

of ctllLVt'l^ ; appointment was smallest for the National Institute 

^ ^iences (NIGMS) whose training programs have empha- 

iTLlu r'°""^ ^""'^"^ Institute standi out as having 

Snv of Itf tl^e lapse for post-M.D. 's. understandably because 

fflany of Its trainees areXdentists who do not take a residency (post-M.D. 
Is the generic name for the category of all professional doctorates) 
On the other hand the NIDR has the highest average time lapse of an^ 
Institute supporting post-Ph.D. 's. although only 111 of these have been 
supported by NIDR. These results seem to be in accordance with Ihe re- 

D':nt:r T.T.le^'' -^^^^^ ^^^^ -^^-^-^ P-^-- of the" . 
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26.3 


42 


36.5 


62 


37.5 


54 


34.5 


15 


29.2 


29 


(1) 


(1) 


(•) 


(a) 


33.5 


.122 


44.5 


35.2 



Saurci! m loner of Trilntti mil T.llovi, 1938*72, SioAiry rilt I, Covliilon on Hinu Xiiourcii, NU/NRC, Viihlnitoa, S. C. 

Juae 5, 1974. 
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Figure 8 - TIME LAPSE FROM DEGREE TO FIRST NIH AWARD 
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4. CAREER PATTERNS 1^ ^ 



In this chapter we discuss what is perhaps the most significant 
part of this follow-up study, the careers of the former| NIH trainees and 
fellows and those in comparison groups. The object of ithis investigation 
was first to develop suitable descriptions of career patterns, and second, 
to try to discern what influence, \if any, training-grant or fellowship 
support from NIH has had on these patterns.. / 



Career patterns are difficult to describe, and jeven more diffi- 
cult to measure. Quality criteria — always "difficult to deal with — must 
be ijivolved. Uncertainties about whether different groups can properly 
be compared are large. Since people often change their employers and 
work activities, the time element becomes an important consideration. 
What quantities then should be used to describe carjBer achievements and 
what criteria should be used to evaluate them? 

There obviously is more than one way of viewing and assessing a 
career • But the_^ choice can be narrowed somewhat /for purposes of this 
study by app>jj^^hing the problem from the point of view of the general 
intent and goals of the training programs. / / 

The ultimate goal of biomedical research is the alleviation of 
disease and the improvement of the health-car^ delivery system. The 
primary goal of the NIH training programs is to insure that a cadre of 
highly trained and highly able persons is avaJilable for conducting re- 
search in the biosciences and related fields.' Thus the training programs 
while not unmindful of the end product, have a specialized function to 
^perform, /namely to provide an adequate quantity and quality of brain- 
power to perform the research. 

It is in this context that career patterns of bioscientists and 
other scientists are examined in this chapter. We have directed our 
investigation of career patterns toward those questions which relate to 
the stated goals of the training programs. In broad terms, these 
questions can be posed as follows: 

1. Have the NIH training programs been effective in attracting 
able students into careers in biomedical research? 
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2. Do the former trainees and fellows pursue active re- 

search careers? 

3. Do the former trainees and fellows become productive 

■ scientists and do they contribute to medical knowledge? 

Without claiming any finality for our answers— since the retro- 
spective evaluation of such complex programs is a very uncertain art— 
we shall try to answer each of these broad questions. They can be bro- 
ken down into more. specif ic, operational ones for which answers may be 
sought in quantitative terms. Thus for question 1 we will seek to de- 
termine -if Ph.D. rates and graduate enrollments in bioscience and related 
fields have been affected in any way by the. training programs. In this 
chapter we report on Ph.D. attainment rates and the time-lapse from B.A. 
to Ph b for those who had NIH support compared to those without such 
support.' The impact of the training programs on graduate enrollments is 
a more involved question requiring a different type of analysis and will 
be deferred until the next chapter. 

Question 2 involves the extent of participation in research, and 
for this question, our approach will be to ascertain what the Primary , 
work activity was for each member of the study group during the 1968- 
70 period. These are the years for which survey data files generally 
provided career information. Then the study group will be divided into 
age cohorts and the percentage in each cohort that was engaged primarily 
in research or development will be computed. This provides a measure 
of the extent of participation in research activities for eath age co- ■ 
hort. By examining this percentage from one cohort to the next, we can 
obtain approximate information about the stability of research activity 
over a span of years. The same procedure will be followed for other 
work activities such as teaching, administration, or professional ser- 
vices to individuals. These were generally the choices listed on the 
survey questionnaires from which the data on primary work activity were 
compiled. 

To develop this idea somewhat further, ideally what we would like 
to have is longitudinal data for each member of the group for a decade 
or more. Such data would show the employment history for each person 
and would give a much clearer picture of the variation in work activity 
over the length of a career. However, data limitations precluded this 
possibility. The survey data that we relied on for career information— 
mainly the National Register of Scientific and Technical Personnel, The 
Medical and Dental School Faculty Rosters, and the AMA File of Licensed 
Physicians— could not provi^de sufficient longitudinal information on 
their respondents. Instead, what we have done in effect is to take a 
"snapshot" of the primary work activities of a large group of individuals 
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during a single short time period, group them by age, /^nd then try to 
in^fer something about the career patterns of the whole group. The reader 
must be warned that this method cannot be relied upon to reveal fine 
differences. //' . 

/ 

To be sure, for the members of the NIH supported groups, we do have 
some longitudinal data covering their period of . /training. In addition, 
from the NIH Roster of Trainees aild Fellows and/ the fellowship . program 
files of other organizations, it ^was. possible /o trace individuals who 
might have had both predoctoral and postdoctoral support from such other 
sources. The training histories of the individuals were then combined 
with Ph.D/ attainment information from the Doptorate Records File tp^ 
provide different combinations of training experience an^^grei^tt^^ 
ment. The career patterns of the members i^'f^th^-^stady .group were sub- 
sequently examined according to the type of* training pathway^that had been 
taken. 

The difficulties in trying to examine career achievements with 
imperfect measures are apparent. At the very least, the "snapshot" 
technique will provide information on what the members of the study 
group were doing in the 1968-70 period. At most it will give a rough 
idea of their career patterns. 

In addition tc primary work activity, we have also tabulated the 
type of employer for each member of the study group during 1968-70. 
This will provide information on the proportion of each cohort that was 
employed by a university or medical .school, employed by industry, or 
was self-employed. As a complement to this analysis we have ' compiled 
some data on incomes derived from the different types of employment and 
work activities. \ . 

The third general question to be. addressed in this chapter is 
concerned with the productivity of the individuals in the study group 
and the possible influence of their contributions to biomedical knowledge. 
For a quantitative assessment of these issues we have investigated for 
each member of the study group' (some 500,000 individuals) the number of 
publications anrf citations that have appeared in the world's scientific 
literature during 1961-72. This was done by analysis of the Science 
Citation Index developed by the Institute for Scientific Information. 
The Index is a compilation of the authors, titles and cited references 
from a large portion of the world's scientific journals. It was designed 
to act primarily as a bibliographic tool for performing literature searches, 
but has also proved useful in a number of other ways. . Sociometric studies 
similar to this one have used the Index to attempt to measure the impact 
of a scientist's work by counting the number of his publications and 
citations to Ms publications appearing in the literature. One approach 
has been to assume that a scientist's productivity can be crudely measured 
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by counting hia output of papers and articles, ^^is assumption is open 
la serious challenges. There are situations where an author is creditea 
w?A a laree rumber of papers but none have had very great impact; con- 
;t2ely "ome^thors pubUsh infrequent but highly significant papers. 

alterative procedure that overcomes some of these problems is to 
Su^ilSti^ns' (excluding self-cit.tions) rather than P"^^^ 
ev^ this technique has imperfections. Papers °% '"^^^"f ^"8^^^°^^^ 
tend be cited more heavily than-Qther papers of equal i^P°^^^^=^- ^^^^ 
spite/these deficiencies, a number of studies ^ave concluded that there 
is a/positive relationship between quantity and quality^ .hall ore- 
- fre Jency of citation and impact of ^^^l^^f^l^l^^^^^^^ 
Bevlt the results of such analysis for the study group wicn 
ji^st stated. 
/ 

/ A. COMPARISON GROUPS 

^ It has been possible in developing data for this ^^"^7/° ^^^^^^^ 

the expe'rLnce of several groups of -PPorted and non-supp^ 
in addition to that of the NIH trainees and ^ ^^^""^ • Jj^" "^^^ef ense 
supported on training grants and fellowships under ^^e 
Education Act of 1958 (NDEA) . ^^e National Science Foundation and the^ 

ri^ditfrut^^^^^^^^^^^^^ 

::-^dr^w:re-araS;irtf;rriL= 

:::pos;d of p^I^le not supported by these fellowships or tra.neeships. 

This last group will be referred to in this report as the "non- 
supported-group but it is important to note that while it a group 
wMnS did not receive training grant or fellowship support from the NIH. 
NSF NDE^or W^^rograms. these persons ma^ have received support from. 
fth;r soircL^u'ch L th^ Veterans Administration, the Ato^c Energy 
rnmrn^ssion the National Aeronautics and Space Administration, Private 
. I^SSsf loans, research grants , teaching assista^^^^^^^^^^ 

«o TT-fii hp used to provide comparisons with tne win suppuj.cc^ 5 
r„°SLf if tL cara^; outpes analyzed in the succeeding sections o£ 
this chapter. / 



"i TTTT T "Srientific Output and Recognition: A Study in 

Vie. S. and Cole ' ^^^^^''.^^''i^ Science," ^^^^-.n^n Socioloeical 

S57'"!'"^i"trLgs^'rJ;.^^:;i".Lliie^cfL„inL 

Science , vol. 188, May 2, 1975. 
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^Ko training grant and fellowship programs have been 

the majo^ sources of graduate support in the biosciences. Since all 
former HjH and NSK trainees and fellows were included in this study, it 
! 0?°^®^ ^ distinguish between those who did and those who did not: • 
«n 1""°^ '^"^ sources. Thus it appears reasonable to attempt 

an examination of the impact of these programs on Ph.D. attainment in the 

wi^^'^JTr- '^'^"^ "^^^ physical sciences. The AEC and 

NASA had large training grant and fellowship programs in the physical 
lllTllt^L on students supported by these prorrams weje not 

tfftr? f ^ f J' Therefore in this chapter no analysis of the 

effect oi training grants or fellowships on Ph.D. attainment rates in 

of H^^r^ ^^"""^^ "^^^ ""^^ "^^^ chapter, a different set 

Of data provide a means of examining the impact of federal support in the 
physical sciences. 

0. PH.D. ATTAINMENT RATES AND B.A. TO PH.D. TIME LAPSE 

lo-^o 'Collating the NIH group and the comparison group with the 

1973 Docitorate Records File, it was possible to determine the Ph.D. 
attainmetit tates for each group and the average time-lapse from B.A. 
II I i : The attainment rate is measured by the percentage of each group 
that had received the Ph.D. by 1973. .8'-"UF 

1. Supp cirte d versus Non-supported 

Ir^ general, the supported groups have achieved a substantially 
higher Pl%,D. attainment rate than the non-supported group (Figure 9 
Table 8, 5n4 Appendix Table A4) . In the biological sciences, 70% * 
of the people who had training grant or fellowship support at the pre- 
Ph.D. level between 1956 and 1965 had attained their Ph.D.'s by 1973 
compared to 42% of a similar cohort who were not so supported. 

As with this and other comparisons among the supported and non- 
supported groups, any differences in outcomes might be due to differences 
in abxUty among the groups. Unfortunately, we have nojmeans of control- 
ling for toe ability factor in this study since reliable lability measures 
are not available for the supported and non-supported groups. Some ex- 
ploratory analyses were made, using Graduate Record Examination (GRE) 
scores on the verbal test, which indicates that the supported pre-Ph.D. 's 
again had a higher Ph.D. attainment rate tHatr the non-supported ones 
with verbal ability constant. But since verbal ability is not an adequate 
measure oJ: overall ability, these results are not conclusive. 
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Tlwe 9 - PHD ATTAINMENT RATES FOR SUPPORTED AND NOK-SUPPORTED GHOUgg 
IN THE BIOLOGICAL SCIENCES 



% Attained 

PhD by X973 

90- 
80- 



70- 
60- 
56. 
40- 
30- 
20- 
10- 




supported by 
traineeshlps or 
/ feXXotfshlpe 



not supported by 
^traineeshlps or 
fellowships 



1943 



1948 



1953 



1958 



"T 

1963 



YEAR OF BA 



Sources: NIH Roster of Trainees and Fellows, 1938-72, Comprehensive Fil« 
of Doctoral Scientists and Engineers, 1935-73, Cunulative ItjdeX 
of NSF Trainees and Fellows, 1952-71 « Commission on Human ReSaUtces, 
MAS/NRC, Washington, D. C. 

NDEA Fellows, 1959-72 , Of f ice . of Education, U. S. Department of 
Health,. Education and Welfare, Washington, D. C. 

Woodrow Wilson Fellows, 1958-69, Woodrow Wilson National FeJlcfV^ 
ahip Foundation, Princeton, N. J. 
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T«bl>8 - PHD ATTAIHMEHT RATES AND TIME LAP S E, BA-P»D. FOR SUPPORTED 
AND NOH-SUPPOHTFJ) PkE-PllI)'S TK Tilt' blOlOClCAL SCIENCES 



YcAr of BA 




Received PhD by 1973 


Dl.j Uot Receive 
PhD by 1973 


,! 


Sour 


c« of Pre- 


'hD Support 


Z of 
# Total 


Mean Time 
Lapae BA-PhD 
(Yrs) 


X of 
# Total 


J 

Total # 


1956-60 


MIH 


Tr«in«ea 


Full-tima 
Part-tiae 
Total (Incl unk) 


1582 76.4 
243 .59.9 
1845 73.7 


8,0 
7.4 
7.9' 


4B8 26.6 
163 40.1 
660 26.3 


2070 
406 
2505 


Fellows 


Full-time 
Part-tine 

Total (Inci unk) 


22 100.0 
770 93.7 


D. 7 

6.2 
6.9 


51 6.6 

52 6.3 


778 
22 
822 


Total 


Full-time 
Part-time 
Total (incl unk) 


2309- 81.1 
265 61.9 


7.7 
7.3 

/ > 0 


5)9 18.9 
1()3 38.1 


2848 
428 
3327 


NDEA(b) 


84 64.1 


11.7 


47 35.9 


131 


Wood 


row Wilson Fellows 


51 63.0 


6.1 


:\0 37.0 


81 


NSF 


Trainees 

Fallows 

Total 


17 70.8 
9 Cfi no Q 

^JO 07.7 

275 88.4 


11.5 
6.8 
7.1 


:!9 10. 1 

'xfi ^^ ft 


24 
287 

111 
Ji 1 


Total with Known SupportU> 


2706 77.5 


7.7 


7i\6 22.5 


3492 


No C 


rainee or fellowship suppt. 


^34 46. j 


8.4 


7:i4 53.7 


136S 


1961-65 


RIH 


Trainees 


Full- tine 
Part-time 

Total (incl unk) 


3633 65.6 
311 40.3 
3956 62.5 


6.2 
6.2 
6.2 


19(18 34.4 
460 59.7 
2378 37.5 


5541 
771 
6334 


Fellows 


Full-time 
Part-time 
Total (incl unk) 


illU 00./ 
32 88.9 
1179 88.9 


5.6 
5.8 
5.6 


141 11.3 
4 11.1 
147 11.1 


-12 n- 

36 
1326 


Total 


Full-time 
Part-time 
Total (incl unk) 


4743 69.8 
■343 42.5 
5135 67.0 


0.0 
6.2 

6.0 


2045 30.2 
464 57.5 
2525 33.0 


6792 
807 
7660 


. ndeaO>) 


703 62.5 


6.4 


•♦t 1 J i mi 




Wood 
NSF 


row Wilson Fellows 


50 76.9 


5.8 


15 23.1 


65 


Trainees 
Fellows 

Total 


150 72.8 
381 87.8 

531 8^.0 


6.5 
5.6 

5.8 


56 27.2 
53 12.2 
109 17.0 


206 
434 


Total with Knovm SupportC^) 


5711 66.3 


6.0 


2895 33.7 ' 


8606 


No trainee or fellowship suppt. 


6l4 3^.6 


6.4 


$55 61.0 


1572 


Total, 
1956-65 


NTH 


Trainees 


Full-time 
Part-time 
Total (incl unk) 


S215 68.5 
554 47.1 
5801 65.6 


6.7 

6.7 
6.7 


2396 31.5 
623 52.9 
3038 34.4 


7611 
1177 
8839 


Fellows 


Fttll-tXmc 
Part-time 
Total (incl unk) 


1837 ^6.5 
54 93.1 
1949 90.7 


6.1 
6.0 
6.1 


td!.» d.5 
4 6.9 
19!> 9.3 


2029 
58 
2148 


Total 


Full-time 
Part-time 
Total (incl unk) 


7052 73.2 
608 49.2 

7750 70. S 


6.6 
6.7 

6.5 


im' 26. & 

62V 50.8 
3237 29.5 


9640 
1235 
10987 


NDEA(b) 


787 62.7 


7.0 


46£. 37.3 


1255 


Wood] 


row Wilson Fellows 


101 69.2 


6.0 


45 30.8 


146 


NSP 


Trainees 

Fellows 

Total 


16^ 72.6 
639 88.6 

806 84.8 


^.6 
6.1 

6.2 


6ii li.l - 

82 11.4 
14S 15.2 


236 

721 
951 


\ ■ 


Total with Known Support^*' 


8417 69.6 


6.5 


3681 30.4 


12098 


No trainee or fellowf^hlo suppt. 


L248 42.4 


7.4 


1632 5?. 6 


2940 



Sources: NIH Roster of Trainees and Follows, 1938-72, Comprehensive File cf Doctoral Scientists 
and Engineers, 1935-73, Cumulative Index of NSF Trainees and Fellows, 1952-71, Coa- 
miaslon on Human Resources, NAS/NRC, Washington, D. C. 

MDEA Fellows, 1959-72, Office of Education, U. S. Department of Health, Education and 
' Welfare, Washington, D. C. 

Woodrow Wilson Fellows, 1958-69. Woodrow Wilson National Fellowship Finindation, 
Princet^^y^N. J. 

*Thc total with known support is less than the total from all sources of support: because soma 
people had multiple sources of aupport and are counted in each one, but are cou t:ed only once 
in the total. 

^Tha NDEA prograa ia operationally equivalent to a tralneeshlp even though It 1» called a fel- 
lowahip program. For thta analysis, the NDEA people are considered to be trainees rather than 
fallowa. 
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2« Fellows versus Trainees 



The fellows do somewhat better than the trainees in terras of Ph,D, 
attainment, because they tend to receive their fellowships at a later 
stage in their education. 

The pre-Ph.D. trainees received their first award at an average 
of 30 months after the B.A. while the pre-Ph.D. fellows received theirs 
at an average of 41 months after the B.A. The net result is that the 
Ph.D. attainment rate for the 1956-65 cohort of NIH fellows in bio- 
science was 91% compared to 66% for NIH trainees. 



3. NIH versus Other Groups 

The NIH supported group^ compares very favorably with the other 
groups in the study (Figure 10). In the biosciences, the NIH fellows 
had the highest Ph.D. attainment rate of all groups in the 1956-65 cohort. 

The NIH and NSF trainees in bioscience do equally well in terms 
of Ph.D. achievement, followed by the NDEA trainees, and the non-supported 
group. 

. A. Woodrow Wilson Fellows 

Although the Woodrow Wilson Fellowship program was suspended in 
1971, the fellows are referred to in Table 5 because their fellowship - 
support provides an interesting contrast to that given by either NIH or 
USF. Woodrow Wilson Fellowships were given only for the first year of 
graduate study whereas NIH and NSF fellows receive support for several 
years. Furthermore, the Woodrow Wilson program has emphasized teaching 
careers in the arts and humanities rather than the sciences which have 
been primarily the province of NIH and NSF. 



The NIH group represents people who received train^eship or fellowship 
support from NIH, but many of these also received support from NSF and 
other sources. There is some overlap in the groups considered in this 
-stiidy. Prior to 1956 about 6% of the supported group had multiple sources 
^of- support; after 1956 this figure was twice as high, about 12%, For 
this analysis, a person was counted in each group for which he received 
support. 
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.Figure 10 - PHD ATTAlNMPtX RATES FOR TRATNEES, FELLOWS AND 
NON-SUPPORTE -^ CROUPS IN THE BIOLOGICAL SCIENCES 



X attained PhD by 1973 x attained PhD by 1973 




BA COHORT COHoW 



Z\«ttalned PhD by 1973 




1956-60 1961-65 
BA COHORT 



Sourcea: NIH Roster of Trainees and Fellows, 1938-72, Comprehensive File 
of Doctoral Scientists and Engineers, 1935-73, Cumulative Ind- x 

Sfc/fL^^^/''^'' '''''^ Fellows, 1952-71, Commission on Human Resovrcea, 
NAS/NRC, Washington, D. C. 

NDEA Fellows, 1959-72, Office of Education, U. S. Department of 
Health,, Education and Welfare, Washington, D. C. 

Woodrow Wilson Fellows, 1958-69, Woodrow Wilson National Fellow- 
ahip Foundation, Princeton, N. J. 
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5. Full-time versus Part-time Training 

The Ph.D. Attainment rates of those. in the NIH group who had full- 
time support (8 or more consecutive months) differ from those with part- 
time support, but the difference is not always in. favor of the full-time 
people. For bioscience trainees during 1956-65, the attainment rate for 
the full-time group was 68% compared to 47% for the part-time trainees. 
For fellows during this same period, the statistics are reversed: the 
part-time fellows in bioscience had an attainment rate of 93% 'compared 
to 90% for the full-time fellows. The reason for the reversal is understand- 
able: many part-time pr^-Ph.D. fellows received their fellowship just 
before completing the Ph.D. and specifically for that purpose. " If they 
were on the fellowship for less than eight months before receiving the 
degree, they are classified as part-time fellows. The more general case 
however is that of the part-time pre-PR.D. trainee. He or she typically 
is at an earlier stage of training than a fellow and does not complete 
the training because of financial pressures, family responsibilities, or 
other personal reasons. By far the majority of part-time people were 
trainees rather than fellows, and most of these did not continue on to 
the Ph.D. 

6. M.D.'s Seeking Ph.D. 's ,^ 

In addition to supporting pre-Ph.D.'s, NIH has also provided ^ 
support to a group of M.D.'s who were seeking Ph.D.'s. Their Ph.D. s 
attainment rates are generally somewhat lower than the pre-Ph.D. s as 
shown below. The difference is most noticeable with the fellows where 
the Ph.D. attainment rate for the non-M.D.'s was 13 to 27 percentage 
points higher than for the M.D.'s seeking Ph.D.'s. Because of the time 
required for medical school and the residency, the M.D.'s eenerallv take 
longer than the non-M.D.'s to achieve the Ph.D. Since many of the M D s 
in the younger cohorts shown in Table 9 were still in the P^.D. pipeline 
1^ 1973; their attainment rates are not exactly comparable to the non-M.D. s, 
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Table 9 - PHD ATTAINMENT RATES OF PRE-PHP'S AND MP'S SEEKING PHP'S 

IN THE BIOSCIENCES 





NIH Pre-Ph.D, 's 


NIH MD/Pre-Ph.D.'s 


Tttar of B.A. 


Trainees » 
# Pre- 
Z Ph.D. '8 


Fellows 
# Pre- 
X Ph.D.'s 


Total 
# Pre- 
X Ph.D.'s 


Trainees 
# MD/Pre- 
X Ph.D.'s 


Fellows 

MD/Pre- 
2 Ph.D.'fr 


Total 
# MD/Pre- 
Z Ph.D.'s 


1951-55 


79.7 748 


92.6 ^ 202 


82.4 950 


74.0 100 


79.1 67 


76.0 167 


1956-60 


73.7 2505 


93.7 822 


78.6 3327 


65.2 158 


73.8^ 103 


68.6 261 


1961-65 


62.5 6334 


88.9 1326 


67.0 7660 


54.1 109 


62.3 77 


57.5 186 



Sources: NIH Roster of Trainees and Fellows, 1938-72, Comprehensive File of Doctoral Scientists and 
Engineers » 1935-73, Cocnlssion on Human Resources » NAS/NRC, Washington, D. C. 



C. EMPLOYMENT 

Ph.D. attainment discussed above represents an important milestone 
in the development of a bioscientist and usually marks the beginning of 
the professional career especially for non-M.D.'s. After that comes fur- 
ther postdoctoral training or employment which in this study is character- 
ized by a person's work activities, type of employer and income. We now 
turn to these. 

The National Register of Scientific and Technical Personnel^ was the 
main source of data on employment characteristics and work activity. The 



The National Register was a biennial survey of members of professional and 
scientific disciplines conducted by the National Science Foundation be- 
tween 1955 and 1970. It provides the most comprehensive body of employ- 
ment information ^bout U.S. scientists and engineers that is available, but 
because of its source of data it tends to be weighted toward academia. The 
Register was discontinued in 1970 and replaced by the Manpower Characteristics 
System. M.D.'s who responded to the Register are not representative of the 
general population of M.D.'s most of whom are in private practice. 
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last year in which that survey was conducted was. 1970, so an attempt was \| 
first pade to obtain career information from that file in order to utilize \ 
the most recent data* 

If a member of the study group was not found in the 1970 National 
Register, the next most recent one (1968) was searched to see if the in- 
dividual could be located there. In this sense the employment information 
covers the l968'-70 time period. 

The medical and dental school faculty rosters, and the AMA file of 
physicians were also used to obtain career information for rouf,hly the same 
time period.^ / 



1. Primary Work Activity / 

The kinds of work activities that thfe former NIH trainees engage 
in are of primary interest because one of yche main goals of the training • 
.programs is to encourage participation iii/ research. To be examined here 
is the extent to which the trainees pursue a research career and how long 
such a career lasts'. 

' 1 ■ 

The data indicate that the extent and length of participation in 
research activities seem to be positively related to the amount of train-- 
ing and education received. Individuals with the most advanced training 
participate to the greatest extent and seem to stay longest in research. This 
pattern holds for M.D.'s as well as non-M.D.'s, and for NIH-supported 
trainees as well as those supported by other programs. 

The non-M.D. group seems to be separable in terms of career 
patterns into four groups characterized by the following: 

1. Individuals who did not receive the Ph.D. (non-Ph.D.) 

2. Those who had nb pre-Ph.D. support, received the Ph.D., but re- 
ceived no post-Ph.D. support (no pre-Ph.D. - Ph.D.) 



'^The Medical School Faculty Roster is maintained by the Association of 
American Medical Colleges, and the Dental School Faculty Roster is main- 
tained by the Division -of Dental Health, Bureau of Health Resources Develop- 
ment, Health Resources Administration, in cooperation with the Association 
of American Dental Schools. The Physicians File is maintained by the 
American Medical Association and contains detailed information on all 
physicians in the United States. 
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3» Those who had pre-Ph.D, support, attained the Ph.D., 
but received no post-Ph.D. support (pre-Ph.D. - Ph.D.) 



A. Those who received post-Ph.D. support (post-PH.D.) ^ 

■ " I ■ ■ . 

The term "support" xz? this study means a traineeship or fellowship 
from NIH, NSF, NDEA or the Woodrow Wilson Foundation, but it is quite 
possible for educational assistance to have come from sources other than 
these. There were insufficient data available oti individuals who were \ 
not supported by traineeships or fellowships but -who had support from^/e- 1 
search projects, teaching assistantships, instructorships7 or other/uni- \ 
versity support. Having stated this caveat, we note that the usfi^f the 
above classification does result in groups with apparently di^fferent [ 
career outcomes as illustrated in Figure 11. That £ igure^isplays the \ 
patterns of research activity of former NIH-supported^rainees compared 
to non-supported groups. The curves represent the age-research activity ' 
profiles for each group. About 69% of the youngest cohort (B.A. year j 
1956-60) with NIH post-Ph.D. support was-engaged, primarily in research 
and development during 1968-70. This participation rate, which Awas the 
highest of any group in the study, tapered off tc about 44% for 'the oldest 
cohort (B.A. year 1925-35). At the other extreme are those Without a Ph.D. 
About 33 % of the youngest cohort in the group participated iA research, 
and this tri:.;.ls off to less than 5% for the 1925-35 B.A. cohott.' In 
between these extremes are those Ph.D.'s with and without NIH pre-Ph.D. 
support, the former having the higher participation rate. 

The group without Ph.D.'s includes some people who received pre- 
Ph.D. support from NIH, NSF, or NDEA. The older cohort of this supported 
group represent people who dropped out of the education stream before com- 
pleting the Ph. -D. program. They are not generally considered to be pro- 
fessional bioscience researchers although some of them are associated with 
such research and make contributions to it. Only about 3% of this supported 
group without Ph.D. 's in the pre-1945 B.A. cohort was participating in re- 
search during 1968-70. Most of the others were engaged in ^reaching. But 
for the younger -cohort of this same group, those whose B.A. was subsequent 
to 19bO, the proportion doing research in 1968-70 was 56%, which was almost 
as high as for those with Ph.D. 's, indicating that many of these people are-^ 
probably still in the Ph.D. pipeline. / 

The M.D.'s can also be classified into groups according to a similar 
set of characteristics which apparently lead to different career outcomes: 

1. M.D*'s with no further support, and no Ph.D. 

2. M.D.'s who received NIH post-M.D. support hilt not the Ph.D. 

3. M.D.'s who received the Ph.D. but no further support ^ 

4. M.D.'s who received the Ph.D.. and also NIH post-Ph.D. support 



Figure 11 - PROPORTIO N OF EACH BA COHOR T WHOSE PRIMARY WORK 

— ACTIVITY WAS RESEARCH AND DEVELOPMENT DURING 1968-70 
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Those physicians who enter upon a researcti career seein to remain in 
research throughout their careers, without exhibiting as strong a tendency 
as the Ph.D.'s to gravitate toward teaching or administration. The ex- 
ception ceems to be that groifp of M.D.'s with Ph.D.'s with no post-Ph.D. 
support, whose initial rate of participation in research is high but de- 
Creases in the older cohorts. The physicians also display the positive 
relationships between the amount of training and education, and the rate 
of participation in research. Overall, about 21% of the M.D.'s who have • 
received post-M.D. support from NIH, but did not receive the PhiD., listed 
research and development as their primary work activity in 1968-70; another 
65% listed gave professional services to individuals as their primary 
activity, 10% listed teaching and the remaining 4% were in administration. 
However, for those M.D.'s with NIH post-M.D. support who attained the Ph.D., 
50% listed research and development as their primary work activity in 1968- 
70, and only 18% listed professional services to individuals. 

Each year roughly 1% of the non-M.D.'s cease doing research as their 
primary work activity, as indicated by the slopes of the curves i*^ Figure 
11* The kind of things they do after leaving research depends upon their 
background (Figures ^12 and 13). Those without Ph.D.'s drop out of research 
rather quickly, move strongly into teaching, and tend to continue teaching 
without very much movement into management or administration. Ph.D.'s with 
post-Ph.D. training support remain in research longest, then move into teach- 
ing with very little movement into management or administration. Ph.D.'s 
without post-Ph.D. training support move from research to management or ad- 
ministration. Their participation in teaching is rather steady throughout 
all cohorts, but the older cohorts participaLe less in 'research and much 
more in management. 

! ^ ' ' ' 

For M.D.'s (Figures 12 and 13), thel general tendency is from research 
to management or administration, i^ith no strong trend' toward i^ncreaseld 
teaching activity for any group of M.D.'s. \^ 

2. Type of Employer 

In contrast to the tendency ^for the non-M.D.'s to reduce their re- 
search activity with age, the same group shows a fairly steady tendency to 
remain employed by medical/dental schools or universities. As Figure lA 
shows, the Ph'.D-*s with post-Ph.D. support are employed more often by 
medical/dental schools and universities than any other group, with about 
80% of each cohort being. so employed. Even those applicants for graduate 
training programs who could not be identified as having received a Ph.D. 
are in large proportion emj^toyed by professional schools and universities. 
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— ■" ACTIVITY WAS TEACHING DURING I968-'70 
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Figure 13- PROPORTION OF EACH;B.A. COHORT WHOSE PRIMAPY ACTIVITY ' 
WAS MANAGEMENT OR ADMINISTRATION DU RING 1968-70 / 

- ~. ^ ^ / 
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Figure 1^ -PROPORTIOH OF EACH B.A. COHORT WHOSE EMPLOYER WAS A 
MEDICAL/DENTAL SCHOOL OR UNI\^RSITY DURING 1968-70 
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aboveraverage interest in teaching or research careers. Also the responses 
to the National Register of Scientific and Technical Personnel from which 
these data were derived tend to be weighted toward the academic community 
which makes up a large part of the disciplinary and professional groups 
t^at were surveyed for the Register. Therefore the proportion of this 
np^-Ph.D. group that is employed by professional schools ard universities 
,;ls probably higher than would be expected in a strictly random sample of 
/all non-Ph.D. sci entists and engineers . 

Over all cohorts, the largest proportion of M.D.'s employed by 
medical /dental schools and universities occurs among those who received 
post-M.D./Ph.D. support. Over two-third of the group were so emplpyed. 
Those M.D.'s with post-M.D. support or witli ':he Ph.D. also had a large 
proportion employed by professional schools or universities. Less ^han 
8Z of M.D.'s with no Ph.D. nor support beyortd the M.D. are employed-ln 
this category. 



3. Salaries of Bioscientists in 1970 

The National Register of Scientific and chnical Personnel pro- 
vides extensive data on the salaries of scientists engaged in various 
work activities, for several different types of employer, and at different 
degree levels. These data indicate that research and teaching in the bio- 
sciences are on a lower pay scale than J:he alternative work activities of 
management, administration and professional services to individuals. 
Figure 15 and Table 10 show that at almost all degree, levels, teaching is 
the lowest paid work acti^/ity of all those reported in the Register, equated 
for years of experience. Research and development pays somewhat more than 
teaching, but still less than othcsr activities. The 1970 median reported 
salary of a Ph.D. bioscientist in research with 10-14 years of experience 
was $17,100 versus $20,200 for -one in management or administration; for 
an M.D., the difference was 20%, $22,000 versus $26,400 (Figure 16). 

Salaries can also be examined according to the various types of em- 
ployers. From this point of view, people who work for educational insti- 
tutions are paid considerably less than those who work for other types of 
eraployer.s. In 1970, the median salary of bioscientists with 10-14 years ./ 
of experience working for a university on a calendar-year basis was about 
102 less than that in business and industry, about 2% less than that in 
government and military service, and about 40% less than the median for 
self-employed persons (Figure 15, Table 11). 

The 1970 National Register data provide evidence that the earnings 
differential in favor of M.D.'s carries over to these work acM'virif»« 
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Mtture 15 - 1970 KEDIAN REPORTED SALARY OF BIOSCIENTISTS WITH 10-14 YEARS OF EXPERIENCE 
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<j Table 10 



1970 MEDIAN REPORTED SALARIES OF BIOSCIENTISTS, 



by degree^ primary work activity, and years of experience 
(full-time employed on a calendar year basis) 



Degree 



Primary 
Work Activity 



Years of Experience 
5-9 10-U 15-19 



20-29 



^30 



Total 



Base N 



(Thousands of Dollars) 



PhD Mgt /Admin 

Res/Desgn/Dev 
Teaching 
Prof Servs 
Other 

Total, Known 



15.3 
11.5 
11.9 
11.1 
12.5 
11.9 



17.9 
1A.7 
lA.O 
15.6 
1A.4 
1A.8 



20.2 
17.1 
15.5 
20.5 

15.9 
17.2 



22.2 
19-0 
17.2 
25.5 
19.4 
19.5 



23.9 
20.3 
19.3 
26.5 
20.7 
21.1 



25.0 
21.6 
19.6 
23.8 
21. 9 
22.1 



Profes- 
sional 
Medical 



iMgt/Admin 
Res/Desgn/Dev 
Teaching 
Prof Servs 
Other 

Totals Known 



26.3 
12.8 
21.0 
10.2 
8.2 
11.4 



21.7 
13.9 
21.8 

i4.4 

ai.o 

18.9 



26.3 
22.3 
25.6 

25.5 
25.5 
23.7 



28 
2A 
26 
29 
21 
26 



30.2 
26.7 
20.1 
29.0 
28.0 
28.4 



30, 
25- 
25. 
32. 



20.8 
27. 9 



MA / Mgt/Admin 

Res/De^gn/Dev 
Teaching 
Prof Servs 
Other 

Total, Known 



10, 
8, 
8. 
8. 

9- 
8. 



11.9 
10.7 
9.9 
.10.9 
11.5 
10.5 



14.1 
12.8 
11. i 
12.4 
13.3 
12.2 



16.2 
VI. % 
12.3 
23.2 
IA.9 
13.9 



17.6 
1A.2 
12.2 

11.5 
lA.^/ 
IA.3 



18. 1 
17. 1 
12.0 
18.0 
18.0 
14.9 



21.5 
15.6 
lA.l 
18.5 
16.8 
15.8 



28.8 
21.8 
25.4 
20.9 

35.5 
23.6 



14.8 
11.1 
10.7 
11.3 
12. A 
11. A 



3,680 
10,272 
6,683 
131 
320 
20,^86 



JO4 
i,£07 
702 
665 
94 
3,572 



1,270 
1,058 
3,361 
118 
432 
7,139 



BA Mgt/Admin 

. Res/Desgn/Dev 
Teaching 
Prof^Servs 
Other 

Total, Known 



9.5 
7.4 
7.4 
7.4 
8.1 
7.6 



11.7 
10.1 

8.3 
10.4 
10.4 

9.9 



14.0 

11.9 
10.0 
10.1 
12.1 
11.9 



14.5 
U.2 
10.3 
12.5 
13.2 
13.2 



16.1 
14.1 
10.1 
12.6 
13.9 
IA.5 



18. 2 

14. 2 
9.6 

10. 8 
15.0 

15. 3 



lA. 2 
9.9 
8.3 
10.6 
10. 7 
10. 5 



1,142 
1,713 
1,107 
^14 
587 
4,763 



Other Mgt/Admin 

Res/Desgn/Dev 
Teaching 
Prof Servs 
Other 

Total, Known 



6.7 



10.5 



16. 5 10.5 



7-1 


9.7 


10.5 






20. 5 


12.3 


12.0 


/ lA.A 


17.6 


20.5' 


22.2 


23.9 


19.4 


9.9 / 


/ 13.8 


16.8 


18. 5 


20.0 


20.9 


1A.8 


9.3 


11.1 


13.3 


15.8 


17.7 


18.1 


12.7 


9.2 


12.7 


19.6 


22.0 


2A.8 


28.0 


15.0 


8.7 


11.3 


13.3 


15.2 


16. 4 


19.0 


12.4 


9.8 


13.1 


15.9 


18.3 


20.2 


21.2 


IA.5 



(a) 
11 
(a) 
(a) 
(a) 
25 



Total, All Mgt/Admin 

Knovm Res/Desgn/Dev 
Degrees Teaching 

Prof Servs 
Other 

Total, Known 



6,Z27 
15,ei7 
11, £70 

1,135 
1,433 
36,48/ 



Source; National Register of Scientific and Technical Personnel, 1970, NSF, Washington, D.C. 
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Table 11 - 1970 KID UN SALARIES OF BIOSCIENTISTS» 

by degree, type of employer, and years of experience 
(full-tiae employed on a calendar year basis) 









Years of Experience 










Degree 


Type of Employer 




5-9 


10-lA 


15-19 


20-29 


^30 


Total 


Base H 






1 




(Thousands of Dollars) 








PhD 


Rufi/TndiiQ trv 




17 . 5 


■ 19.7 


21.9 


23.0 


24 ■ 2 


1^. ^ 


A AAA 




Elem/Jr Coll/2-Yr T^rh 


in t 


12.0 


13.6 


15.0 


16.0 


15.7 


13.8 


1 A/i 




Med/Dental School 


11.7 


15.1 


18.1 


20.3 


22." 


23.4 


17.0 






University 


10.7 


13.8 


15.9 


17.7 


19.7 


20.6 


14.2 


10,257 




Uosp/Cllnlc 


11.8 


16.0 


17.9 


20.9 


23.6 


19.6 


17.4 


536 




Self 





15.0 


20.5 


22.1 


29.2 


23.0 


23.6 


59 




MU/Fed, St, Loc Govt 


12.1 


15.1 


IT f\ 


17 . b 


Zx ■ U 


23.3 


17.1 . 


a, 765 




Other 


10.3 


14.4 


17.6 


19.4 


21 . 2 


22.5 


16.6 


895 




Total y Known 


11.9 


14.8 


17.2 


19.5 


21.1 


22.1 


15.8 


20,486 


Professional 


TT— ' 

Bus/ Indus try 


14.2 


22.1 


23.6 


29.2 


27.1 


27 .6 


26.5 


157 


Medical 


Liem/jr uoii/z— zr xecn 


9.0 




12.0 


13.0 







11.5 


21 




Med/Dental School 


/• 13 . 2 


19.2 


23.9 


26.1 


28.8 


27.8 


24.0 


2,062 




University 


11.2 


13.2 


20.0 


20.5 


25.7 


24.0 


20.6 


222 




Hosp/Cllnlc 


9.0 


18.4 


23.9 


28.3 


31.4 


37.3 


24.0 


430 




Self 


16.5 


22.6 


31.0 


38.0 


38.0 


35.5. 


30.7 


179 




Mil/Fed, St, Loc Govt 


11.2 


17.5 


23.0 ■ 


25.0 


26.7 


27.7 


21.8 


778 




Other 


9.0 . 


18.0 


23.0 


26.3 




26.2 


23.8 


123 




Total, Known 


11.4 


18.9 


23.7 


26 . 1 


28 .4 


27.9 


23.6 


3,972 


MA 


7n 

Bus/Industry 


11.0 


12.7 


14.1 


16.2 ■ 


18.1 


20. 5 


14,2 


935 




£leD/Jr Loll/z-Yr Tech 


8. 2 


9.9 


11.3 


12.5 


12.3 


12.1 


11.0 


.2,562 


r 


Med/Dental School 


7 . 8 


10.1 


11.5 


12.7 


14.0 


15 .7 


10. 4 


27Q 


University 


6.7 


8.5 


11.0 


12.7 


12.6 


14.7 


9.8 






Hosp/Cllnlc 




10.7 


13.0 


13.8 


15.0 


16.5 


12.1 


244 




Self 


6.0 


8.2 


20.5 


10.5 


23.6 


13.5 


15.8 


50 




Mil/Fed ( St/ Loc Govt 


8.9 


11. li 


13.1 


15.0 


15.3 


17.1 


12.9 


1,408 




Other 


8.5 


11.0 


12.8 


13.2 


13.6 


15.7 


11.5 


200 




Total/ Known 


8.6 


10.5 


■ 12.2 


13.9 


14.3 


14,9 


11.4 


7,139 


oA 


DU9/ XIlQUs Lty 


lU. ^ 


11.3 


13.7 


14.2 


16.2 


17 . 2 


13 . 2 


1 £^Cft 




Elem/Jr Coll/2-Yr Tech 


7.5 


8.3 


10. 0 


10. 5 


io . 2 


9.4 


8.3 


592 




Med/Dental School 


6.6 


8.5 


10.3 


10.6 


13.5 


14.0 


b.O 


283 




University 


4.9 


7.5 


10.6 


12.7 


13. p 


13.5. 


6.4 


530 




Hosp/Cllnlc 


7.9 


10.3 


10.8 


10.7 


11 .3 


10.8 


10.0 
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ment workj and 62% when both were engaged in teaching, equating for years 
of experience. The differential exists because the alternative of private 
practice open to the M.D. creates a market situation, such that a premium 
must ]je paid in order to attract M.D.'s into research or teaching careers. 
In contrast to the Ph.D., the M.D. can often earn substantial income from 
practice in addition to the salary paid by a university or medical school. 

The relative earning power of B.A.'s, Ph.D.'s, and M.D.'s is illus- 
trated in Figure 17. The B.A. and Ph.D. scientists and engineers reach 
their peak earnings at about 34 yiears of experience, the M.D.'s somewhat 
earlier at about 28 years of experience. At his peak, the typical Ph.D. 
bioscientist was paid 30% less than the M.D.'s who responded to the NSF 
survey with the same number of years of experience. Furthermore, because 
the National Register survey was weighted toward academia, the median 
salary of the M.D.'s reported in the National Register" ($24 ,000) was 41% 
less than the median income for all S. physicians in 1970 ($41,000). 
Table 10 shows the median salary profile by degree level and primary work 
activity; Table 11 shows similar data for type of employer. These data 
have not been adjusted to^^con£tant dollars. 

D. PL^BLICATIONS AND CITATIONS 

In^the previous section it was shown that the interaction between 
research training and a research commitment results in the production of a 
stream of individuals with the greatest rate of participation in research acti- 
vities. We would expect that a similar relationship might apply to the 
number of publications that an Individual produces or the number of cita- 
tions to such publications in the scientific literature. In this section 
we shall examine this relationship. 

\ For this study, we used the computerized files of the Science Cita- 
tion Index, referred to above, for the period 1961-1972. These files, 
which .totaled more than 25 million citatioi s and more than 5 million publi- 
cations, were matched by name of author against the rosters of the indivi- 
duals in the study groups to gather the data on the total number of publi- 
cations ancicltations credited to each person during this 1961-1972 period. 
(The citations could of course refer to works published before 1961). 

The matching of these files was the most difficult of all collation 
procedures used in this study. The only identifying information available 
from the Science Citation Index about the authors is tae last name and 
initials whereas in other files, date of. birth, academic degrees, sex, etc. 
were usually available to provide more" positivie identification. For this 
Tviason;, only those individuals whose names were unique in . the study group 
f-llAc zje>re> iiQp>r^ in t* ic ;^n:al vQ-i <; nf Diihl i i:'At ion anH citation data. For 
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study group, it was not possible to distinguish between them in the Cita- 
t±Qn Index because of lack of other identifying information and so they 
wcv/:e omitted from this analysis. However if a name appeared only once in 
tne study group, the chance that all citations to that name in the Citation 
Index were one and the same person were greatly improved. Hence these 
unique names were the only ones us^d in this analysis of publication and 
citation data. While this, procedure reduced the number- of individuals in 
the study set to about 300,000, it also minimized the chances of mismatch- 
ing them with the names in the Citation Index. Statistically, the omission 
of these data did not, in our opinion, impair the validity of the test of 
the broad relationships being studied. 

The study showed that the average number of publications' and cita- 
tions per person tends to increase w:^th the amount of education and train- 
ing received. And as with work activity and type of employer, this kind 
of relationship can be shoim to hold ^or M.D.'s and non~M.D.'s, ^s^d for 
NIH-supported scientists as well as non-NIH sapp9rted ones. Figurre 18 
and Table 12 shows the results of the\analysis for non-M.D. ' s An the bio- 
sciences. Each curve in Figure 18 represents a different patliway of educa- 
tion or training. In 18 (a) the average number of publications per person 
in each age bracket i-s displayed, and in 18 (b) the average number* of ci- 
ta'iions per person in each age group is shown. 

The researchers who publish most! are those with post-Ph.D. support; 
their publication rate is generally twice as high as those Ph.D. 's without 
postdoctoral support. This is true <.of riostdoctorals isupported by NIH and 
also of non-NIH postdoctorals . As Table! 12 shows, there is very little 
difference in publication rate between/ tnese two groups of postdoctorals. 
Whether or not a bioscientist had pre-PhlD. support does not seem to affect 
his research output directly so long as lie attains the Ph.D. Those Ph.D.'s 
with predoctoral but no postdoctoral suppprt do not seem to publish any / 
more frequently than those Ph.D.'s without predoctoral support who do noq 
take a postdoctoral. The non-Ph.D. bioscientists have the lowest publica- 
tion rate in each age group, a fact which conforms to the rate of par.tici- 
pation in research of this group. * . 

The story told by the citation data for the ndn-M.D.'s in bioscience 
is almost identical to that of the publications. The only noticeable differ- 
ence is the tendency for the average number of citations per person to con- 
tinue to increase for the older PhlD.'s with postdoctoral support instead 
of taperir»g off as do the average publications per person. Otherwise* the 
structure is identical. 

Tor the M.b.'s. the number of publications and citations is even 
more closely related to the attainment of the Ph.D. (Figure 19, Table 12). 
The M.D. 's with Ph.D.'s and post M.D./Ph.D.I support generally have the 
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However, for those M.D.'s with NIH post-M.D. support who attained the I'h.D., 
50% listed research and development as their primary work activity in 1968- 
70, and only 18% listed professional services to individuals. 

Each year roughly 1% of the non-M.D.'s cease doing research as their 
primary work activity, as indicated by the slopes of the curves i*^ Figure 
Ilk The kind of things they do after leaving research depends upon their 
background (Figures ^12 and 13). Those without Ph.D. 's drop out of research 
rather quickly, move strongly into teaching, and tend to continue teaching 
without very much movement into management or administration. Ph.D.'s with 
post-Ph.D. training support remain in research longest, then move into teach- 
ing with very little movement into management or administration. Ph.D.'s 
without post-Ph.D. training support move from research to management or ad- 
ministration. Their participation in teaching is rather steady throughout 
all cohorts, but the older cohorts participaLe less in 'research and much 
more in management. 

! ^ • ' ' 

For M.D.'s (Figures 12 and 13), thel general tendency is from research 
to management or adminis trait ion, iilth no strong trend' toward i^ncreased 
teaching activity for any group of M.D.'s. \^ 

2. Type of Employer 

In contrast to the tendency ^f or the non-M.D.'s to reduce their re- 
search activity with age, the same group shows a fairly steady tendency to 
remain employed by medical/dental schools or universities. As Figure 14 
shows, the Ph'.D.'s with post-Ph.D. support are employed more often by 
medical/dental schools and universities than any other group, with about 
80% of each cohort being, so employed. Even those applicants for graduate 
training programs who could not be identified as having received a Ph.D. 
are in large proportion e'mi^oyed by professional schools and universities. 
Recall that most of the^ are people who applied for but were not awarded 
fellowships; others were awardees who did not activate their awards. This 
grouj> shoul^not be considered as a representative sample of all graduate 
students because the fact that they applied for fellowships indicates an 
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Table 12- AVERAGE NUMBER OF PUBLICATIONS AND CITATIONS P£R PERSON IN EACH AGE GROUP DURING 1961-1972 
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Source; Science Citation Index, 1^^61-72, Institute for Scientific Information, Philadelphia, Pa., 
Commission on Human Resources, NAS/KRC, Washington, D. C. 
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M.D.'s with Ph.D. but no postrM.D. /Ph.D. support. In fact, both of these 
groups of M.D.'s with Ph.D.'s publish more frequently than all groups of 
non-M.D.'s with Ph.D.'s, except possibly for those with postdoctoral support . 

The M..D.'s with no Ph.D. but with NIH post-M.D. support are in the 
middle range in terms of publications and citations. They are comparable 
to the Ph.D. groups with no postdoctoral support in this respect. 

The M.D.'s who do not receive additional research training either 
in the form of a Ph.D. or a post M.D. fellowship or traineeship produce 
fewer papers and are cited least frequently. They correspond to the bio- 
scientists without Ph.D.'s in terms of their numbers of publications and 
citations. 

In summary, a consistent pattern is apparent fromthe analyses of 
primary work activity, and publication and citation data. Higher levels 
of education arid training are associated with larger numbers of papers 
published and citations, received. The patterns are generally consistent 
for non-M.D.'s and M.D.'s and over all^age groups. 

But one should be cautious about* inferring any cause and effect 
relationship here. The association noted above might be primarily a 
reflection of the desire of those inclined towards research careers to 
acquire additional education and training. If this is the case 'then it 
is this predisposition towards research rather than the additional educa- 
tion or training-that is the real underlying cause of a high level of re- 
search activity. The Ph.D. degree, and the supported period of- training, 
seem to take on the role of a catalyst that produces the required impetus 
towards a research career in those so inclined. .In this view, the predis- 
position towards research becomes the necessary condition and the education 
and training become the sufficient conditions far a high level of research, 
activity. 
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5. .THE IMPACT OF ECONOMIC AND DEMOGRAPHIC FACTORS 
~ "OU GRADUATE EDUCATION IN THE BIOSCIENCES 



In the previous chapter, the relationship of the NIH training 
program to Ph.D. attainment in the fields support^" was investigated by 
•determining the percentage of those individuals with predoctoral trainee- 
ship or fellowship support who had attained .^he Ph.D. by 1973, xand com- 
paring this with the attainment rate for people without such support. 
That procedure, which in a sense is, a "micro" approach since it deals 
with individual cases, yielded evidence of a positive relationship 
between Ph.D. attainment and predoctoral support from traiheeship^ or 
fellowships . 

In this chapter, the question of the impact of traineeship or 
fellowship support on graduate enrollments and Ph.D. degrees is approached 
from a different point of view. Here we have collected a large body of 
aggregate economic and demographic data covering mainly the period from 
1956 through 1970, and have examined these data in relation to graduate 
enrollments and number of Ph.D. degrees awarded during the same period. 
We shall first examine total graduate enrollments and degrees awarded 
and later return to those^in the specific fields of interest. 

The object of this analysis is to determine which of the economic 
and demographic factors are most closely correlated with the patterns of 
enrollments and degrees and could reasonably be expected to influence 
their behavior. If economic or demographic variables can be found which 
are highly correlated with enrollments and degrees, and which seem to ' 
have logical "cause and effect" relationships with them, then inferences 
-can-be^^made concerning their relative impact. ^^^~T^^ 

"macro" approach since it deals with annual values of aggregate data, 
rather than groups of individuals as in previous chapters. It represents 
a method of examining the question of what impact, if any, the training 
programs have had on graduate enrollments, and another way of investiga- 
ting their impact on Ph.D. attainment.^ Whereas the conclusions in the 



Other recent stl^^ies have also attacked this problem. Richard B. 
Freeman has used cross-sectional data to reveal' the existence of a 
well-defined stipend effect on Ph.D. production by field. See The 
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previous, chapter were drawn by looking at the career outcomes of groups 
of individuals with and without training-grant or fellowship support, the 
results of this chapter emanate from the interrelationships that exist 
among the many variables involved in graduate education. 

A. MODELING THE FACTORS INFLUENCING THE GROWTH OF GRADUATE EDUCATION 

Since 1920» college attendance at all levels has increased faster 
than the population. The percentages of the college-age population who 
graduate from college, who enroll in graduate school, and who obtain 
Ph.D. degrees have been steadily increasing for at least 5.0 years. 
However, despite contrary impressions, the growth rates for the last 
15 years are not much different from those of the first 18 years of the 
period since 1920, as shown in Table 13. 

Although it is interesting to look at the growth in higher educa- 
tion in absolute numbers, most of the variables move together and are 
strongly correlated over time, making it difficult to separate their 
effects. A better understanding of the forces involved can be obtained 
by viewing them in relative terms. There is a. natural relationship 
among the variables in Table 13 that arises from the flow of students 
through the education process. These quantities constitute a progression 
of events, each one largely limited by the previous one. Thus it is to 
be expected that the annual production of B.A.'s would vary in response 
to changes in the 20-24 age group; that graduate enrollments should vary 
largely in response to the number of B.A.'s awarded in the previous year; 
and that the annual production of Ph.D.'s should vary according to the 
level of graduate enrollments in prior years. Superimposed on this 
process are the economic and personal factors that influence career 
decisions. 

In a steady state situation, therefore, where outside influences 



Market for College Trained Manpower , Harvard University Press, Cambridge, 
Massachusetts, 1971. 

" Robert McGinriis has studied the impact of federal funds on grad- 
uate enrollments and Pu.D.'s awarded as well as on size of faculty and 
other aspects of graduate education in Federal Funding and Graduate 
Education in Bioscience , Commission on Human Resources (formerly Office 
of Scientific Personnel), National Academy of Sciences, Washington, D. C, 
February 1, 1972. (Unpublished) 

Stephen Dresch has examined some of the economic factors account- 
ing for the growth in graduate education sincie World War II. See An 
Economic Perspective on the Evolution of Graduate Education , National 
Board on Graduate Education, National Academy of Sciences, Washingtpn, 
D. C. , March 1974. 
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Table 13 - ANNUAL OPO W T H RATES OF PnPm..Tn. ^ 

192(K38 ,1956-70 1920-71 



% 



Population, age 20-24 
BA degrees 

Graduate enrollments • 
PhD degrees 



1.3 


3.8 


0.8 


6.4 


6.8 


4.9 


10.1 


9.1 


7.3 


9.2 


9.8 


/ 7.0 



Growth rates were derived from basic data provided by the following 
sources : 



Historical Statistics of the United Stat e s. Colonial Times to 1957 
Continuation to 1962 and R evisions. Bureau of the Ce nsus, U. S. De- 
partment of Commerce, Washington, D. C, 1965. 

Statistical Abstract of the United States . Bureau of the Census, U. S, 
Department of Commerce, annual editions, Washington, D. C, 1966-72. 
Current Population Reports ; Bureau of the Census. U. S. Department of 
.Commerce, series P-25. Washington, D. C, 1970. 
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such as market forces or government policies are constant i and where 
student preferences are stable, the ratios of enrollments and degrees 
granted to the population pool from which they are drawn (i.e., BA/ 
population 20-24, graduate enrollments/BA^_^ [i,e., B.A. *s awarded in 

previcJUs year] , PhD completions/graduate enrollment) should remain 
essentially unchanged. Hence, any significant deviations of these 
ratios from a constant value can be presumed to be caused by other than 
simple demographic factors. 

Clearly, as Figure 20 shows, these ratios have not been constant 
ov.er the years. The ratio BA/P (20-24) has grown at an average rate of 
about 4% per year since 1920; graduate enrollment/BA*s^ ^ has grown at 

about^ 2.3% per year; while ^hD*s/EN (where EN = three-year moving average 
of graduate enrollments) decreased at about 2% per year from 1920 to 
1946 and since then has increased at a rate of 1.3% per' year. Further, . 
these increases are not the consequence of stable, smooth growth but the 
overall result of an irregular pattern which includes periods of decline 

r 

f 



as well as of increase. I 



Thus, it is apparent j that non^demographic fac^tors have been 
operating to increase the piroportion of the population participating in 
higher education. Several leconomic factors emerge as possible explana- 
tions for these obseirved changes: salaries of college graduates relati^re 
to those of non-graduates, / federal financial support for students in ' 
higher education, aggregate personal income, and federal funds for 
research and development./ Since these economic factors, especially 
those determined by federal policy, art. t f primary interest to this 
study, an attempt has been made here to sieparate the effects of the 
economic variables from those of the demographic ones . This has been 
done by starting wit;h a population of the approximate age of B.A. recip- 
ients (20-24 years'old) and examining the behavior of ratiog similar to 
those shown in figure 20. | 

It is important to note that, with one exception, this study 
considers only factors which are associated with student demand for 
graduate education as measured by enrollments. This is because we 
assume that throughout the period examined, the supply of both ^under- 
graduate and graduate places was sufficient to absorb all student demands 
without any change in admission standards or the real costs of tuition. 
Thus, in economic parlance, supply of places in graduate school is 
treated here as if it were infinitely elastic, and, therefore, could 
have had no influence on the numbers qf students enrolled or graduated. 
There is no question that some schools did indeed raise their admission 
standards and limit their graduate enrollments in the face of unprece- 
dented student demands, and a few may even have raised tuition in 
response to these forces- Nevertheless, on the whole, American 



81 

104 



Figure 20 - TRENDS IN DECREES AKD ENROLLMENTS X920-71 
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nuaclon to 19^2 ami Revision, . Bureau of the Censu.. U. S. Dc p.rtoent of 
CoouDtrce, WaBhlngcon, D. C. , 1965. "•-('•rtBenc 01 

Statistical Ab.tr.ct of ch« Inlted <;^.^.. , Bureau 'of the Cen.u.. U. S. De- 
p.rtaent of Cooaerce. Washington, D. C, .nnual edition.. 1966-72. 
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institutions* of higher education absorbed a high percentage of those 
'^willing and financially and intellectually able, . The obvious exception 
Involves medical education, where lack of places clearly has been a 
deterrent to enrollments. Medical school enrollment, therefore, is in- 
cluded as an explanatory variable in this study because inability to 
enter a medical school may have induced some individuals to opt for 
graduate education in the life sciences. 

. ^ Further, it should be noted that among the explanatory variables 
^considered, there is no variable to reflect unfilled job vacancies for 
^graduates or unemployment rates among graduates. . Lack of adequate data 
precluded the use pf such variables. Consequently these factors are 
manifested only tol^the extent that labor market conditions are reflected 
in earnings of graduates, for which: data, although not in full detail, 
are available. 

' ' ' \ ' ■ 7 

The basic method of the study is multiple regression analysis^ 

in which the dependent variables, which are measures of graduate student 

flows defined in relative rather than absolute terms, are regressed on a 

group of explanatory variables by a method explained in detail below. ^ 



^Here we must necessarily become somewhat technical in our discussion 
The general reader who does not wish to explore these details may skip 
ahead to page 86 for a summary of the methodology. 

Multiple regression is a statistical procedure in which a series 
of observed values of the primary variable (the dependent variable) is 
collected jointly with a set of observed valiies of other" variables (the 
"explanatory" variables) which are. thought tb affect the behavior of the 
primary variable. By examining the correlations among the dependent and 
explanatory variables, a linear function of |the explanatory variables is 
constructed which provides the best fit to tjhe pattern formed by the ob- 
served values of the dependent variable. Tlie values of the dependant . 
variable differ from one another partly by chance and partly because they 
are associated with varying values of the explanatory variables. In this 
sense, the explanatory variables are said to "explain" part of the varia- 
tion in the dependent variable. The object of regression analysis is to 
construct a linear function of explanatory variables which accounts for 
as much of the variation in the dependent variable as possible. Fof a 
good technical explanation of regression analysis and its ramifications 
see J. Johnston, Econometric Methods , McGraw-Hill, New York, 1972. 



3since all of the explanatory variables were considered to be exogenous, 
no simultaneous equation estima\tion procedure was used. Each equation 
was treated independently by ordinary least-squares or a step-wise 
variation thereof. \ 
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One set of equations was developed in whiph the dependent variable is an 
aggregate quantity, for all fields of study combined. Another set was 
developed' for such specific broad fields of graduate study as bioscience 

* and physical science, including engineering. Here, dependent ;v^ariables * 
are defined in most equations as ratios of graduate students enrolled or 
receiving degrees in a specific field in relation to the total of all 
fields. In other equations the dependent variable is defined as the ^ 
ratio of first-year graduate enrollme^ts in a fie,ld to the pool of B.A. s 

I presumed qualified for entrance to graduate sttidy in that field. 

\! The particular procedure used to estimate the equations is step- 

\wise^ regression, in which the specific explanatory variables included 
in an equation are selected sequentially from^ the complete set o^ explana- 
tory variables on the basis of their contribution to the' reduction ik the 
/error variance in the dependent variable. A variable is ' retained ^inj. the 
final equation, only ; if its inclusion significantly reduces this variance. 
'At the same time, if the inclusion of L new variable reduces the contri- 
bution of another previously included/ variable below the level of signi- 
ficance, that earlier variable is dropped from the equation. As applied 
here, this method also used lagged values of certain explanatory varia- 
bles—that is, student aid, salaries, aggregate income— so that it 
selected not only the ^'best" variable^ but their '"best" lags from the 
standpoint of maximization of reduced error variance. Use of lagged 
variables where data permit provides estimates of the time it takes for 
student flows to respond to changes in explanatory factors, and thus 
enhances the explanatory power o^, the model. 
\ 

The variables chosen by this step-wise regression technique, 
, may not be those mast meaningful from a logical, conceptual, 
or -^cdm^on-sense" standpoint. To allow for this, the procedure was 
mddif j ed to insure that each variable selected not only makes a signifi- 
cant Reduction in the error variance,\ but also has the logically, correct 
sign £nd has what seems to be a logical relationst^ip with the dependent 
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detailed description of the step-wise procedure is as follows: 
St explanatory variable selected is the one with the highest simple 
ion with the dependent variable. Then, from the remaining varia- 
one which most decreases the remaining variation in the depen- 
viariable is added. To these variables is then added the variable 
g^in mo^t expl-ains the remaining variation, and so on until no 
tory variables are left whose inclusion would further^ significantly 
e the resid\ial variation. If during this process the significance 
variable included in an earlier step is reduced below the critical 
nee, level (.05) by the inclusion of a variable at a later stage 
iliminated from the equation. 
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variable. The equations presented below are those which emerged from 
this approach which combines the selection of the most potent explanatory 
variables with inforrned judgment regarding logical and conceptually 
meaningful relationships. The variables included in these equations 
also were adjusted for the problem of multicollinearity as discussed 
later in (this section. , 

- ] 

Anl alternative approach would have been to make an a priori speci- 
fication of the explanatory set of variables which conceptually could 
determine th^beh'avior of the dependent variable, and then to see if the 
hypothesis was supported by the data. This approach was tried in a 
number of cases as described in Appendix' B. In general, the a priori 
approach yielded less satisfactory results in terms of logical and 
statistical properties than the 'empirical one embodied in the step-wise 
procedure. 

In a regression equation, the inf luenck of each "explanatory" 
variable is measured by its statistical properties, i.e., the regression 
coefficient, and standard errbr.^ The net regression coefficient is an * 
estimate of the change in the dependent variable associated with a 
change of one unit in the explanatory variable. It is not really a 
good measure or the relative importance of eacH explanatory variable 
because its magnitude largely depends on the units of measurement. What 
is needed to compare the relative influence of the different explanatory 
variables is a measure of the proportion of the variance in the dependent 
variable that is accounted for by. each explanatory, vatiable in the equa- 
tion acting independently.^ The measure that is generally used for this 
p .rpose is the standardized partial regression coef f icient . ^ Under 

'■ : • 0 . 

^In a step-wise procedure such as 'this, where special constraint$c^are put 
on the selection of . the variables , the usual interpretation of the standard 
error and significance levels is no longer valid. They may still be used 
as indices/but cannot be given the frequency interpretation usually 
associated with them. ^ ♦ , 

^See for example G. W. Snedecor and W. G. Cochran, Statistical Methods , 
6th edition, Iowa State University Press; Ames, Iowa, 1967, p. 398. The 
standard partial regiression coefficients are defined as b.(S./S-.) where 



certain conditions, this measures the contribution of each explanatory 
variable to the variation associated with the dependent variable. The 
probl.em-.is that this interpretation is strictly applicable only under the 
condition ^ha^the explanatory variables in the equation be independent 
(uncorrelated) ,■ a condition that is rarely met in practice. In most 
applications, the explanatory variables are intercorrelated to some 
extent (this condition, is called multicollinearity) and the values of 
the regression coefficients calculated from the data are very sensitive 
to these intercorrelations. For example, two highly correlated explana- 
tory variables in an equation will have coefficients much smaller than 

- they would have if cpllinearity were not present. As multicollinearity 
becomes weaker, the utility of the standard partial regression coefficients 
as a measure oiE relative importance becomes greater. Multicollinearity 
is a troublesome factor in many ways in regression analysis, and therefore 

.an attempt has been made here to minimize its effects. Wherever possible, 
an explanatory variable has been prevented from entering an equation if 
it was highly correlated with variables already selected. This was 
possible in cases where another variable could be substituted without ^ 
sacrificing too inuch explanatory power. As it turned out, in many of 
the equatiofns, the explanatory variables are ratios, and these are not 
so highly intercorrelated to preclude the use of the standard partial 
regression coefficients to measure the relative importance of the variables . 

To summarize, the general Approach to determining the net effect 
of economic variables, including federal financial assistance, on changes 
in the proportions of students enrolled or graduating entails development 
of multiple regression equations. The overall set of potential explana- 
tory variables derives from concepts of the determinants of student flow 
into higher education. The selection of particular variables from among 
this, set, and the estimation of their relative impact on the flows, was - 
determined by the application of a modified step-wise regression 
procedure. ^ 

The general intent of this analysis is to provide an empirical 
examination of the forces that have impinged on the flow of students in 

IvsJr !nH "T''^'' "^^^ recognized that regression ana- 

mt . ^"^^^P«"^lly the ;step-wise proced,ure applied here, cannot pro- 

""^^ and effect relationships, no matter how well de- 
°'^^=°"'P'^«hensive a study is conducted. The most that can be 
achieved is to show that the dependent variables are closely correlated 
aia^vslf S over the set of data points used in the 

analysis. But such correlation b v no means proves causation— fn^ several 
ITT^: First, Che set of variables used in any relationship may only 
den^nH r . '''"^ ""^^^ '^^'^ influence the behavior of the 

fnHhr correlation between the dependent variable 

data "'f explanatory variables may exist only by chance over the 

data set analyzed, but may not exist at. all for data points outside the 

Tie t^^M^n^rf T^'^T ^^'^ ^"^^^ "^"'P^" especially vulner- 

nrnL ° ^ ^^'^^^ ^"'^ unfortunately neither large samples nor adequate 
^^^rff ^"^^ data were available in this study to verify the results. 
Therefore no claim of proof is being made here that any of the empirically 

^''^ '^^^ equations were developed using vari- 

ables which conceivably and logically could bear cause and effect relation- 
^lon-^^°^ r H^^"?^"' variables. Inferences were then drawn on the assump- 
tion that the explanatory" variables used in the equations are closely re- 
lated to the true causal factors. The conclusions reached in this study rest 
heavily on this assumption. Validation of the results must await verificatior 
from additional data and further analyses. veriticacior 
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The data were in the form of annual values i.e. , time series for 
the 1956-70 period. The complete set of data used in this analysis is 
presented in Appendix C. The candidate "explanatory" variables fall 
into the following categories (it should be noted that data permit some 
of these varia^bles to be lagged, thus introducing opportunities to esti- 
mate rates of response) : 

/' 

1. Federal expenditures for fellowships and tra^neeships 
broken out by field / 

2. Federal funds for research by field, / 

3. Salaries of physicians and dentists; salaries of bioscientists, 
physicists and cherais'ts at the Ph.D., M/A. and B.A. levels; 
faculty salaries (professor, associate prof essor, assistant 
professor, instructor); incomes .of college graduates, incomes 
of high school graduates /. 

4. Veterans Admiiristration funds for education 

5. Medical school applicant and enrollple^t data 

6. Sel|2ctive Service Administration d^ta on registrations 
and inductions / 

7. Number o f bioscientists , chemists, physicists, and total 
scientists at the Ph.D., M.A. , and B.A. levels as reported 
in the National Register of Scientific and Technical 
Personnel 

8. Aggregate real disposable personal income 

B. PRINCIPAL FINDINGS " 

When the "explanatory" variables (to the extent that they are 
available) are examined statistically in relation to the trends in 
degrees and enrollments, the empirical evidence indicates that federal 
aid to students in graduate education has had the greatest influence o.n ' 
degree and enrollment ratios, followed by income and by expenditures for 
research. Income seems to have its greatest impact on the ratio of B.A.'s 
to population age 20-24, while federal aid to graduate students has had 
a strong influence on the proportions enrolling in graduate school and 
obtaining Ph.D.- degrees. It should be noted that B.A.'s as used here 
includes first professional degrees such as L.L.B., M.D. , D.D.S., etc., 
because this is the way thfe data were defined and collected by the Office'' 
of Education up to 1961. Graduate enrollments are those enrolled in a 
program leading to an M.A. or Ph.D. degree or the equivalents. 

Salaries of college graduates in all fields have increased 
steadily in absolute terms, but not relative to others in the labor 
force (Figure 21). There is still a considerable differential in life- 
time earnings between those with and without a college degree, but this 
differential has been rather constant and by itself does not seem to 
account for the increasing proportions of graduate enrollments and Ph.D. 
dcgjrces. This conclusion is consistent with the observed^ low rates of 
return to Ph.D.'s due to the large amount of income foregone during their 
training period.^ Rather, this differential seems to provide a constant 



See, for example, Duncan Bailey and Charles Schotta, "Private and Social 
Rites of Return to Education of Academicians," American Economic Review , 
March )972. ' 

87 



110 



Figure 21 - AVERAGE ANNUAL INCOME OF KALES 25 YEARS AND OVER 

(current dollars) 
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Sources: Current Populatibn Reports , Bureau of the Census, U. S. Department 
of Commerce, series' P-25, Washington, D. C, 1970 

Miller, Herman P., **Annual and Lifetime Income In Relation to 
Education: 1939-1959," The American Economic Review ^ vol. 50, 
pp. 962-985 (1960). • 
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incentive to attend college while the growth in absolute income and in X, 
student aid provide the means for doing so. Another way of looking at • , 
it is to consider participation in higher education as an investment in , 
human capital, and that given the difficulty of commercial educational 
borrowing, more and more such personal investment takes place as personal 
incomes rise, providing sources of funds. At the baccalaureate and first 
professional degree level, incomes seem to play a major role in career 
choices. Incremental investment in graduate education, however, appears 
to have been somewhat more heavily influenced by direct student aid 
programs than by salary differentials. 

C. AGGREGATE EQUATIONS (ALL FIELDS COMBINED) 

To see how these principal findings were arrived at, consider 
first of all the ratio of B.A. 's awarded per year in all fields to the 
20-2A year old population. Figure 22a indicates how this variable 
behaved over the period of study. Equation (1). shows the best results 
that could be obtained from the regression analysis. (The values in 
parentheses under each explanatoty variable are the standard partial 
regression" coefficients wnich under the conditions outlined above, attempt 
to measure the relative importance of each explanatory variable in the 
equation. All regression coefficients are significant, at the .05 level 
except where noted. )8 
B>A. equation ; 

6 2 

(1) (BA/P)^ « -0.01 + 0.0043($B)^ + 8.2 x lO" (SA)^^^ ; R = 0.95 

(0.98) (0.35) 

where BA/P = (Baccalaureate/Population Ratio). Number of B.A.'s relative 
to 20-24 year old population. 

$B = (BA salaries). Real median salary of all professional and 
technical personnel whose highest degree is a B.A.: 
($thousands, deflated by the Consumer's Price Index [CPI]). 



^The Durbin-Watson test indicates that positive, first order aut<|)corre- 
lation is present in at least some of the equations presented in j this 
chapter. No attempt has yet been made^to correct this condition:, 
although further work on these models/would require that attention be 
given to this problem. The main consequences of autocorrelation are a 
serious underestimate of the sampling variances of .the regression co- 
efficients and predictions with excessively large variances. See 
J. Johnston, o£. cit • , p. 246. Regarding the significance levels., see 
footnote 5, p. 85. - 112 
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riRure 22 - GRADUATE E NP.OLLMENTS , DEGREES > AND SOME "EXPLANATORr* VARIABLES 
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(c) Number of PhD* s awarded each 
year relative to the average 
graduate enrollment for the 
. past 3 years (PHDTL/EN) 
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(b) 1st year full-time graduate 
enrollments in all fields 
relative to number of BA*s 
awarded In the preceding 
year (ENlFT /B^ ^) 
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vd) Real median salary of all profes- 
sional and technical personnel 
whose highest degree is 'a ^ ($B) 
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(e) Heal total federal aid to 

Etudehts in hightr education (SA) , 
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(f) Average annual income of males 25 years and older with 
.4 or more years of college, relative to those with high 
school only X$C/HS) 
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SA « (Student Aid, Higher education). Real total federal aid 
to students in higher education; includes all traineeship 
\ and fellowship stipends plus VA benefits for higher educa- 
tion: ($inillions, deflated by the CPI) . 

• 2 \ - >■ ' ' • ' 

R » The coefficient of determination, a measure of the goodness 

^f fit of a regression equation. If the dependent variable 

is perfectly estimated by the linear function of .explanatory 

yariables, then-R^ « 1; if there is no correlation, then 

r2 « 0. 

In equation (1), the B.A. ratio is related to the medi.iin B.A. 
income ($B) and to federal aid for students in higher educatihn in the 
previous year (SA)^ - , both adjusted for price" changes by dividing by 
the Consumers Price Index. In this equation, $B has a much greater 
Impact on BA/P than does SA as measured by the standard partial 
regression coefficients. 

Graduate enrollment equation : ' 

(2) EN1FTL^/B^_j^ = 0.13 + 1.67 x 10"^SAGE^^j^ + 3.94(PD)^ ; R^ = 0.94 

(0.89) (0.26) 

where ENIFTL.^B, = (Ratio of graduate Enrollment to Baccalaureate 



^1' i-1 



degrees). First year full-time graduate enrollments 
in all fields relative to number of B.A. 's awarded 
in preceding year.^ 



^The symbols used here for enrollments are intended to have mnemonic 
characteristics. First-year graduate enrollments were disaggregated into 
full-time, partr-time, and total. A ^^ix-character symbol was used to 
represent these first-year enrollmient variables within each field and 
total over all fields 
tation: 



The six characters have the following interpre- 



Ist a;^d 



5th and 



2nd 
3rd 
4th 
6th 



characters : 
character: 
character: 
characters J 



EN 
1 
F, 
TL 
BI 
PE 



= Enitollnients ^ 
= first year 

P, ot T = fuli-time, part-time, or total 
= total graduate enrollments 
= bioscience graduate enrollments 
= physical science and engineering 
graduate enrollments 



Thus the symbol ENIFTL stands for first-year, full-time graduate 
enrollments in all fields. 

Total graduate enrollment including first year is represented by a 
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SAGE « (Student Aid, Graduate Education). Real total federal aid 
. to^ students in graduate education. Includes all trainee- 
ships and fellowships plus 10% of VA direct benefit payments 
to students in higher education: ($millions, deflated by 



^ CPI). 

PD 



enr^«li Shows the results for first-year full-time graduate 

enrollments relative to. the number of B.A.'s awarded in the preceding 
year (Figure 22b). The student aid variable (SAGE), lagged one year 
seems to have had the greatest influence on relativ^ first-year fuU^time 
enrollments in combination with a variable measuring the probabiUty of 
being drafted (PD) . It should be noted that available data do not 
permit construction of an income variable which relates earnings of 

luch" vari'ablf f^ l'^ ' ff ^""^^'^ ""^^^ consideration. 

hvn^K r ^ 5 available would be a logical one to use to test the 

Incomer °^ "^^^"^^ affected by relative 

■. I. 

Equations were also developed for first-year part-time, first- 
r^Lf*'^^/"^ graduate enrollments, with the student aid variable, 

B for detaif"- ' '"'""^ ""'""'^ ^^^^ Appendix ' 

Ph,D> completion equation : 

(3) PhDTL^'/EN^ -0.018 + 3.19 x 10~^SAGE^_^ + 0. 023($C/HS)^ ^ 

(1-01) (0.46) 

f 

+ 0.010($C/HS)^_^ ; r2 = o.93 

(0.20) 



four-character symbol defined as follows: / ' 

1st and 2nd characters: EN = Enrollments (total Graduate enrollments) 
Jrd and 4th characters: TL = total over all fields 

. BI = bioscience 
PE = physical science and engineering 
Tfms the symbol ENTL stands for total graduate enrollment over all fields 
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(PhD/ Enrollment Ratio,). Total number of PhD's in the 
ith year relative to the average graduate enrollments 
for the past three years. 

$C/HS = (College/High School salary ratio). Average annual 
income of males 25 years and older with four or more 
years of college, relative to those with high school 
only. 

>' I ' . " ■ ' 

- (SAGE is defined above.) 

/ The dependent variable in equation (3) is the ratio of the number 

,of Ph.D. degrees awarded annually relative to the average number of 
graduate students pver the last three years (PhDTL,/EN^) . Thus it is 
an indicator of completion rates over time. Here the combination of 
federal aid of graduate students .(SAGE) an,d the college/high school 
salary differential ($C/HS) with two different lags provide the best 
estimates of relative Ph.D. productioa, with SAGE again predominant. 

The general picture that emerges from the equations is that at the 
graduate level, direct federal student aid has been a potent and perhaps : 
the dominant force acting to increase the proportions of students who 
continue their education beyond the B.A; A consistent -pattern emerges 
showing tiiat relative graduate enrollments and Ph.D. degrees are closely 
related to student aid and to salary differentials, but in most cases, 
the student aid variable has greater impact. At the B.A. level, the ^ 
reverse seems to be true. ' Salaries of B.A.'s and student aid are the . 
best predictors, but salaries have thp greater influence. 

In Figure 22, some of the variables . are illustrated to provide 
graphic evidence of the relationships. Since all the 'variables used in 
this analysis were in time series form, strong correlations could occur • 
between the dependent and explanatory variables simply because they both 
have increased steadily over time. In such a case, one might be tempted 
to accept a true relationship between the variabiles when in fact their 
relationship is due only to the fact that both exhibit strong trends 
over the time period of the study. To guard against such an error, the . 
correlations among the variables were examined both before and after 
removing the linear trend component from the time series. If a strong 
correlation disappeared after removing the trend, the variables were 
not considered to be truly related. The .results of that analysis are 
presented in Appendix 3. 



where PhDTL^/EN^ 



D. DISTRIBUTION BY I^IELD "OF STUDY 

The. number of B.A.^s awarded annually has been tabulated by the 
U. S. Office of Education since 1870, and the Commission on Human 
Resources of the National Research Council maintains detailed records- 
of the Ph.D. population in its Doctorate Records File back to 1920, but 
it has only been since 1955 that data on graduate enrollments by field 
have been available. Only very rough estimates of the amount of student 
aid to each field are available for this same time period. Yet^ even 
with these approximate data, there is evidence that the distribution of " 
graduate students among the, various disciplines seems to have been in- 
fluenced by the proportionate share of direct student aid (fellowships 
and traineeships) that is made available to each field. This conclusion 
seems to hold at least for the fields analyzed in this study: bioscience 
and the physical sciences including engineering. The amount af support 
to these fields has varied in magnitude and timing, and these variations 
are reflected in"^ the behavior of relative graduate enrollments in subse-/ 
quent years. • " 



1. Bioscience Equations 

In most of the bioscience equations, the dependent variables were 
formed by relating bioscience graduate enrollments and>Ph.D.'s awarded 
to corresponding totals over all fields. Enrollments were again broken 
out by first-year full-time, first-year part-time, first-year total, and 
total bioscience graduate enrollments. Only the results for first-year 
total bioscience enrollments arid Ph.D.'s awarded are shown below in 
equations (4) and (6)— the others are presented in Appendix B. Equation . 
(5) examines an alternative definition of the enrollment var|.able. 

Enrollment equations ; 

W (ENIFBI/ENIFTL). = 0.016 + 0.026(NIHTF/SAGE)^^2 - 1.52 x 10"^(MDENR). 

(1.06) (-0.42) 

+ 0-034(R^^/R^)^ ; R^ = 0.85. 

(0.34) 

where (ENIFBI/ENIFTL) = (Relative first-year bioscience enrollments). 

First-year total graduate enrollments in bio- 
science relative to total first-year graduate 
enrollments in all fields. 
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NIHTF/SAGE = 



(Relative NIH student aid funds), NIH appropriations 
for training grants and fellowships relative to total 
federal aid for graduate students • 



Total enrollments in medical schools. 

(Relative funds for research in the life and physical 
sciences) . Federal funds for research in the life 
sciences and physical sciences relative to total 
federal funds for research in all fields. The 
physical sciences were combined with the life sciences 
in this variable in order to develop a broad measure 
of research support reflecting the degree of overlap 
in these fields. 

In equation (4), 85% of the variation in relative first-year 
bioscience enrollments (Figure 23) is accounted for by a student aid 
variable (NIHTF/SAGE), (negatively) by a medical school enrollment 
variable (MDENR), and by a research ^funds variable (^^p/^) • In this ' 

equation, the student aid variable has the greatest impact as measured 
by the standard partial regression coefficients. There are no signifi- 
cant correlations 'among the explanatory' variables in these two equations. 

Equation (4) models the b^vior pf first-yesir graduater bioscience 
enrollments in relation to first-year enrollments in all fields of grad- 
uate study. An alternative formulation of the problem is presented in 
equation (5) where the same numerator is related to an estimate of the. 
number of B.A.'s awarded in the previous year in the basic sciences 
(Figure 23h) . This provides a contrasting dependent variable which 
measures the proportion of those qualified to pursue graduate bioscience 
study Who actually do so. 

(5), EN1TBI/B^_^ = -0.01 + 6". 061 (NIHTF/SAGE) 3 ^^^5 + 0.045(§B/BA)3^^^5 

(.96) * * (.35) 

- 3.31 X 10"^ (MDENR) ; R^ «= 0.99 

(-.31) 

(Bioscience Enrollment— BA Ratio). First-year total 
graduate enrollments in bioscience relative to 
science B.A.'s in preceding year. 

118 



MDENR = 
Ip t 



where ENITBI/B^^^^ 



95 



Figure 23 



GRADUATE ENROLLMENTS AND DEGREES IN BIOSCIENCE AND SOME 
" "EXPLANATORY" VARIABLES 
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(a) 1st yr total graduate enrollments 
In bioscience relative to total ' 
1st yr graduate enrollments In 
. all fields (ENITBI/ENITTL) 
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(b) Number of bioscience PhD's 
awarded each yr relative to 
total number of PhD's awarded 
(PHDBI/PHDTL) 
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(c) NIH appropriations for training 
grants and fellows,^lps relative 
to total federal for grad- 
uate student (NIUTF/SAGE) 
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(d) Federal funds tor research In 

the life sciences and physical 

sciences relative to.«fcotnl 

federal funds for research 
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(e) Total enrollments In medical 
schools (MDENR) 
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• 40 



.20 



1956 58 ,60 62 eh 



66 



— I — 
68 



■H — 

70 



(8) 



TnH^f^Ji''''^r'^^'"^'' ^^^^ tralneeshlps 
and fellowships In bioscience relative 
to total federal expenditures for 
tralneeshlps and fellowships ^tpht y^n.^.^ ^ 
^556 58 S0^r^^^~^^-—^ ^ 
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(f) Federal funds for research In 
the life sciences relative to 
total federal funds for 
research (R /R ) 




1956 58 60 62 64 66 
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Ch) First year total graduate enrollments 
in bioscience relative to science 
BA*s In preceding year (ENITBI/Bi^j^) 
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($B/BA) 



3,4,5 



(NIHTF/SAGE) 



3,4,5 



(Salaries of bioscience PhD ^s relative to bio-^ 
science BA's). Median salary of Ph.D.^s in bio- 
science relative to the median salary of those 
with B.A.^s in bioscience, averaged over the 
years i-3, i-4, i-5. 

(Relative NIH student aid funds). NIH appro- 
priations for training grants and fellowships 
relative to total federal aid for graduate stu- 
dents, averaged over the years i--3, i-4, i-5. 



Relative federal aid, although here measured as a three-year 
lagged average, remains the mo$t important explanatory variable, and 
medical school enrollments continue to have a significant . negative 
influence. The major feature in equation (5) is that the relative 
salary variable (median bioscience Ph.D. salaries relative to.median 
salaries for bioscience B.A. 's), is both positive and significant, but . 
still weaker than the student aid variable. Thus, when we look at the 
variations in the transition ratio between undergraduate and graduate • 
st;udy in bioscience, relative salaries do appeal:^ to have some influence 
in the expected direction. ; 

Ph.D. completion equation ; 

(6) (PHDBI/PHDTL)^ = 0..077 + 0.026(TFBI/TFTLX^_j^ + 0.075(Rj^/R^)^ ; R^rO.77 

(.68) (.37) 

where PHDBl/PHDTL = (Relative bioscience PhD production). Number of bio- 
. ^ science Ph.D.'s awarded relative to the total number 

Ipf Ph.D.'s awarded in the i^h year. 

TFBI/TFTL = (Relative federal expenditures for bioscience trainee- 
'ships and fellowships). Federal expenditures for ^ 
traineeships and fellowships in bioscience relative 
• to total federal expenditures for traineeships and 
fellowships in all fields. 



(Relative federal funds for research in life sciences), 
Federal funds for research in the life sciences 
relative to total federal funds for research in the 

ith 

fiscal year. 



In equation (6), the annual number of bioscience Ph.D.'s relative 
to total Ph.D.'s (PHDBI/PHDTL)^ is dependent on a broad measure of 
support (TFBI/TFTL) , which represents the percentage of all federal 
traineeship and fellowship support allocated to bioscience, and oti 
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federal research in the life sciences^; relative to the total, (R-j^/R^.)*. 
Some training grant and fellowship support to the biosciences has come 
from agencies other than NIH, such as', the Consumer Protection and Envi- 
ronmental Health Agency of the Public iHealth Service and the Social and 
Rehabilitation Service of HEW. This i^s reflected in the variable TFBI. 
Note that TFBI represents federal expenditures whereas NIHTF, used iii 
equation (4), represents appropriations of NIH. Although these two 
~ variables have been roughly parallel for most of the period between 
1956 and 1970, they appear/to diverge considerably starting in 1968, 
'with federal expenditures dropping sharply while NIH appropriations for 
training grants and: fellowships .remained relatively constant. 

Thus the statistical analysis indicates that federal-government 
student support, as exemplified by the NIH research training programs, 
has been an important factor in attracting students to graduate study 

; In bioscience. Medical school enrollments and federal funds for research 
also appear to be important factors. Medical school is an attractive 
alternative to bioscience graduate study for maiiy students, and it is 

- understandable that medical school enrollmetit appears in the equations 
with a negative coefficient indicating that bioscience graduate enroll- 
ments react inversely to it. 

The relationship of relative salaries of Ph.D. bioscientists to 
'graduate enrollments and Ph.D. degrees in bioscience appears to be 
somewhat tenuous. The salary variable becomes a viable "explanatory" 
variable only in equation (5),- and does not provide any help at all in 
explaining relative bioscience Ph.D. production. However, the influence 
, of earnings on bioscience enrollments is complicated by the relation of 
medical school to bioscience Ph.D. programs. Salaries of physicians are 
known to be higher than those of bioscience Ph.D. 's, but admission to 
medical schools is severely limited by the number of available places. 
Many students deciding between medical school and a bioscience Ph.D. 
program choose bioscience bCjCause they .cannot obtain a place in a medical 
school. Marginal changes in relative bioscience earnings will not lead 
them to alter their preferences; instead the portion of these students 
entering bioscience will depend on the number of medical school places 
available. At the same titne, the second choice of these students is so 
solidly for bioscience that marginal changes in bioscience salaries will 
not affect the number of new entrants. 

The failure to detect a strong and clearly defined earnings effect 
on bioscience enrollment despite controlling for medical school enroll- 
ments is extremely significant and may warrant some speculation on 
probable causes. If the preceding argument is correct this finding 
indicates that the income gap between medicine and bioscience is far too 
great for marginal Increases in the earnings of bioscientists to offset 
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the attractiveness of a career in medicine. At the same time with 
respect to students who are not considering medicine, th^ finding sug- 
Rests that. -the same marginal changes do hot signlficantljr shift them 
int^-^away from graduate bioscience. The effect of these conclusions 
18 that a policy of reliance on market forces to adjust relative incomes 
vould. have an uncertain impact on student flows into bxosciencie. Instead, 
the results of the regression analysis point to the sif^^""*^, 
stahtial influence of fellowships, ftfaitting grants, and research 
on bioscience enrollments and Ph.D. degrees. 

From a quantitative perspective, equation (4) estimates that a 
change of 10% in the share of federal student assistance going to 
bioscience-which would taean a shift of about $60 million on the 
average-would change the percentage of graduate students entering 
bioscience by "2 to 3%. A similar percentage change in research funding 
^or bioscience-which would mean a shift of roughly $600 million on the 
average— would change this percentage by 3 to 4%. 

Although there is not much empirical evidence that relative . 
salaries of Ph.D.'s in bioscience have had any strong influence upon 
bioscience graduate enrollments and degrees, one cannot conclude that 
bioscience is totally immune to changes in relative salaries. It is 
probable that if salaries of biosctfentists were suddenly to show large 
'increases over salaries in other fields, then one might expect relative 
graduate enrollments and Ph.D. degrees in bioscience to increase 
Kentually in response to this stimulus. The proper interpretation 
" ?Se iesuUs of this study is that, the range of variation of relative 
salaries in bioscience over the 1956-70 period does .not provide much 
help in explaining the behavior of relative bioscience enrollments and 
dSees during the same period. Any strong Impact that such forces 
SIf have had on bioscience has either occurred Indirectly through the 
!^^raction of. but limited. access to. medical school, or has been 
S^gSy overshadowed by the influence of direct support programs. 

Figure 24 displays the variables in the bioscience equations in 
time series form. 

2. Physical Science and Erilgineer lne Equations 

The structure of the dependent variables in the equations for 
physicafscience and engineering is identical to that in the bioscience 
Sodel i e., ratios of enrollments and Ph.D. degrees in the field 
^Slveila totals over all fields (Figure 24a,b). Some results for 
^he ^olft^nrollment and the Ph.D. ratios are presented in equations 
(7) and (8). Additional equations for relative first-year enrollments 
are shown in Appendix B. 122 
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Figure 24 - GRADUATE ENROLLMENTS AND DEGREES IN PHYSICAL SCIENCE AJTO ENGIHEERING 

AND SOME "EXPLANATORY" VARIABLES 



(a) Total graduate enrollments In 
» physical science and engineering 
relative to total graduate en- 
rollments In all fields (ENPE/ENTL) 



(b) Number of FhD's awarded each year 

In physical science and engineering 

^ relative to total PhD's In all 
fields (PHDPE/PHDTL) 
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(c) Federal expenditures for trainee- 
ships and fclloyshlps In physical 
science and engineering relative 
to total federal expenditures for 
tralneesblDS and fellowships 

(TFPfe/TFTL) 
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25"* (d) Federal funds fOr research In phys- 
ical sclen^ce and engineering 
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(e) NIH appropriations for training 
grants and fellowships relative 
to total federal aid for grad- 
uate students (NIHTF/SAGE) 
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(f) Median annual salary 
of\phD chemists rela- 
tive to median salary 
of all PhD's 

($PHDCH/$PHDTL) 
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Enrollment equation : 



(7) * (ENPE/ENTL)^ = ~0.11 + 0.21($PHDCH/$PHDTL)^ + °-^^(%e^^t^i 



(0.35) (0.26) 



- 3.6 X 10'"^(MEDAPP)^ + 0.09 (TFPE/TFTL) ^^^^ ; r2«0.99 



(-0.60) (0.35) 



where (ENPE/ENTL) = (Relative graduate enrollments in physical science 

and engineering). Total ■ graduate enrollments in 
physical science and engineering relative to total 
graduate Enrollments in all fields. 

$PHDCH/$PHDTL = (Relative salaries of PhD chemists). Median annual 
salary of Ph.D. chemists relative to median salary 
of all Ph.D.'s. 

R /R = (Relative federal funds for research in physical 1 

science and engineering). Federal funds for research 
in physical science and engineering relative to 
total federal funds for research. 

MEDAPP = Number of applications for medical school. 

TFPE/TFTL = (Relative federal expenditures for traineeships and / 
fellowships in physical science and engineering) . 
Federal expenditures f or . traineeships and fellow- 
ships in physical science and engineering relative 
to total federal expenditures for traineeships and 
fellowships in all fields. 



"'Equation (7) shows that the behavior of relative graduate enroll- 
ments in physical science and engineering can be accounted for by a seit 
of variables which includes a s a lairy variable $PHDCH/$PHDTL, a research 
funds variable (Rpe/^t^ » ^ student-aid variable (TFPE/TFTL), and the 
medical school variable (MEDAPP) (Figure 24c-f ) . The salary variable 
and the student-aid variable have equal impact on relative total grad- 
uate enrollments in this equation. Because of data limitations it was 
not" possible to introduce research funds or salaries of chemists with 
time lags. 

As in the. biosciences, medical school appears to be a prime com- 
petitor for graduate students in the physical sciences and engineering. 
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The variable which seems to have the greatest impact on the proportion 
of graduate students enrolling in physical science and engineering is 
the number of applicants . for medical school each year (MEDAPP) • This 
' explanatory variable has the highest standard partial regression coef- 
-ticient in equation (7) (in absolute value), and also in other enrollment 
equations shown in Appendix B, indicating that it has the "highest relative 
importance of all variables in the set. The regression coefficient of 
MEDAPP is negative, reflecting the fact that an increasing number of 
medical school applicants tends to draw down, the pool of graduate students 
available .to the physical . sciences and engineering, even though one 
might imagine that such individuals have different aptitudes and interests. 

There are no significant^ intercorrelations among the explanatory ^ 
variables in equation (7), so the' standard partial coefficients are 
fairly reliable indicators of the relative importance of the variables. 

The similarities of the physical science equations for enrollments 
with those for bioscience are striking. The influence of medical school 
variables and federal funds for research are roughly the same. Student 
aid is highly significant in both fields but more ,s<^* in bioscience. 
Bioscience enrollments are most responsive to NIH fellowships and training 
grants while in the physical sciences the best variably' reflecting the 
impact of student aid is total federal support for training in the physi- 
cal sciences. 

One can only speculate about the reasons why the effect of salaries 
emerged more clearly in the physical sciencfe equations than in the bio- 
science ones. The most likely explanation involves the very close and 
complex relation between graduate bioscience ^nd medical school dis- 
cussed above. 

Ph.D. completion equation ; v 

(8) (PHDPE/PHDTL) . = 6.02 + 0.11(NIHTF/SAGE)^^^ + 0. 09 (TFPE/TFTL) . \ 

(.65) (-45) I 

■ . • ( 

+ 0.02($F/TL)^ ; = 0.92 | 

.. (.27) , • j 

I 

where PHDPE/PHDTL = (Relative physical science and engineering PhD pro- j 

duction) . Number of Ph.D.'s in physical science and 
engineering relative to total Ph.D.'s in all fields. 
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SUMMARY AND CONCLUSIONS 
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direct student support and it generally seems to take more time for its 
Influence to be felt in graduate education. Apparently the impact of 
market forces varies from field t;o field. In the physical sciences and 
engineering salary differentials seem to play a larger role than they 
do in the^biosciences where there is very little clear-cut evidence of 
direct influence of salaries during the 1956-70 period. 
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APPENDICES 



Appendix A - Tables 



Al Number of Persons Trained in the Research 
Training Programs of NIH by Program Type, 
Year of Training, Academic Level at First 
Award, and Fuil-time/Part-time Status 

A2 Number of Persons" Ti^ained in the Research 
Training Programs of NIH by Institute, 
Specialty Field, and Full-time/Part-time 
Status 

A3 Average Length of NIH Support at Each Academic 
Leyel by. Year of First Award, Full-Xime/ 
Part-time Status 

A4 Ph.D. Attainment Rates for Supported and Non- 
supported Groups, for B.A. Years 1941-1955 

A5 Median Time Lapse from Degree to First Appoint 
ment by Specialty Field at First Appointment 
and Academic Level 

A6 Primary Work Activity and Type of Employer 
during 1968-1970, by Cohort and Training 
Pathway 



Appendix B 

Appendix C 
Appendix D 
Appendix E 



The Methodology Used in Developing the Equations 
for Chapter 5 , 

Data Used in Chapter 5 

Specialty List Used in the Doctorate Records File 
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YEAR TRAIKING 
STA.HTED 



1938-45 



■ 1946-50 



1951-55 



TABLE K I NUMEERq^ PERSOHS TRAIN D IM THE RESEARCH TRAINIMG PROCRAMg OF KIH BY PBOCPAM hTE 
T^^^WmO, ACADEMIC LEVEL A T FIRST AWARD. AND FUU-TIME/ PART-TIKE STATUS. 19 38-72 



AG\DEMIC LEVEL 
AT FIRST AWARD 



PRE-PHD 

POST-PHD 
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POST-MD . 

P0ST->1D/PHD 
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PX UNK 
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TOTAL 
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1025 



11 — 



13 
1 



■ 97 


a9 


7 


129 


119 


9 


(a) 
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57 
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' 10 



TOTAL IKCLUDINC UNKXP^-W 



PI 
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57 
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PRE-PHD 

POST-PHD 

PRE-MD 

POST-^JD 

P03C-MD/PHD 

POST-HD/PRE-PHD 

OTHER ' 

UNXN'OWN 

TOTAL 



732 
283 
250 
2011 
55 
45 
86 
850 



146 
137 
248 
374 
13 
3 

89 
851' 



4312 1861 



881 
420 
498 
2388 
68 
48 
175 
1702 
6180 



86 
448 

736 
35 

2, 

2335 
3642 



FT Full-tins (equiyalent of ona Acadenic ytar of training) 
PT Pirt-tlM 



131 
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TABLE A 1 Contlntted 



ma 












PROGRAM TYPE 














TRAINING 


ACADEMIC LEVEL 




TRAINEES 






FELLOWS 




TOTAL INXLUDINC UMLSCWN PROGRAM 


STAHTED 


AT, FIRST AWARD 


FT • 


PT 


. UKK 


TOTAL 


FT 


PI 


UNK 


TOTAL 


FT 


n 


IKK 


TOTAL 


i 


PRE-PHD . 


7662 


1489 


40 


9191 


1438 


42 


2 


,. 1482 


9107 


, - ■ 

1539 


42 


10668 


I 


POST-PHD 


890 


: -332 


■ ' 3 


1225 


824 


^42 


3 


'".869 


1714 


:374 


6 


2094 




PRE-MD 


2188 


3938 


3 


6129 


1 







1 


2193 


3942 


3 


6138 


.1961-65* 


POST-MD 


6984 


997 


13 


7994 


1387 


32 


2 . 


1421 


8380 


1033 


15 


9428 


i 


POST-^/PHD 


2U 


36 




252 


75 


" 1 




76 


290 


39 


— 


329 




post-hd/prz-phd 


465 


41 


1 


507 


114 


4 


1 


119 


579 , 


45 


A. 


62o 




OTJER . 


906 


1399 




2305 


219 


4 




221 


1125 


1403 




2528 




UHK.SOWK, 


320 


248 




568 


532 


17 


1 


550. 


856 


271 


1 


U28 




TOTAL 


19629 


8482 


60 


28171 


4590 


142 


9 


4741 


2424 


8646' 


69 


32959 




PRE-PHD 


15483 


2062 





17545 


1421 


14 


2 


, 1437 


16904 


2076 


2 


18982 




POST-PHD 


1708 


389 




2097 


1555 


82 


9 


' 1646 


3263 


471 


9 


3743 




PP^-MD 


1627 


6166 




7793 


2 






2 


1629 


6166 




7795 


1966-72 


POST-HD 


9262 


1270 


8 


10540 


1011 


23 


' 8 


1042 


10273 


1293 


16 


11582 r. 




POST->S/PHD 


132 


12 




V 144 


49 


3" 




52. 


131 


15 




196 




PDST-MD/PRE-PHD 


701 


58 


— 


759 


139 


7 


1 


147 


340 


65 


1 


906 




OTHER 


584 


zuuo 




2592 


3 






3 


5B7 


2008 




2595 














1080 


21 


2 


1103 


1080 


21 


2' 


1103 




TOTAL 


29497 


11965 


. 8 


41470 


5260 


150 


22 


5432 


34757 


12115 


30 


46902 




! PRE-PHD - 


2 


1 


4 


. 7 


6 : 


29 


31 


66 


8 


30 


35 


73 




POST-PHD 




1 


2 


3 




,7 


35 






8 


37 


45 




PBE-MD 


2 


1 * 


3 


6 










2 


1 


3 


6 




pcSt-md 


I 


4 


48 


53 




2 


15 


17 


1 


■ 6 


63 


70 


POST-MD/PHD 






1 


1 






1 


1 






2 


2 




POST-HD/PRE-PHD 














2 


2 






2 


2 




OTHER 




1 




1 




1 


1 


2 




2 


1 


'3 




ukk::owk 


7 


16 


70 


93 


1 


3 ■ 


A 


8 


"J 


19 , 


74 


• 101 ' 




TOTAL 


12 


24 


128 


164 


7 


42 


89 


138 




66 


. 217 


302 




PRE-PHD^ 


23879 


3698 


47 


27624 


2951 


89 


35 


3075 


26837 


3795 


82 


30714 




POST-PHD 


2907 


860? 


■ 5 


3772 


3242 


190 


48 


3480^ 


6149 


1050 


53 


7252 




PRE-MD 


4067 


10353.. 


■ 6 


14426 


3 




2'5 


3 


4074 


10357 


6 


14437 


ALL YEARS, 


POST-HD 


18280 


2646 


74 


21000 


3832 


108 


3965 


22122 


2759 


99 


.24980 


POST-HD/PHD 


401 


63 


l 


465 


181 


7 


1 


189 


583 


70 


2 


655 


1938-72 


POST-HD/PRE-PHI 


1211 


102 ■ 


1 


1314 


255 


n 


4 


270 


1466 


113 


5 


15S4 




OTHER- 


1576 


3497 . 




5073 


222 


5 


1 


228 


1798 


3502 


1 


5301 




U!,'K.SOWH 


1192 


1118 


"72 


2382 


5923 


470 


15 


6408" 


7124 


1603 


87- 


8314 




TOTAL. 


S3513 


22337 


206 


76056 


16609 


380 


129 


17618 


70153 


23249 


335 


93737 



'Souice: NIH Roster of Trainees tnd Fellovs, 1938-7^, Suasury File B, Conaltsloa on Humsn Resources, KAS/NRC, AugusC 5, 1975. 

'a few predoccoral fellowships were awarded beginning In 1946. The records of chtss fellows had to bt reeonscruccad froat 
scanty data so it was not possible In all cases to Identify the acadraic lavals. Most of the early predoctoral awardaea 
are counted in the "other and unknown" academic level category. 

^63 individuals with unknown prograo types are ii^cluded in the total. 
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Table 



L , ydmm Q? PERSONS TRAINED IH THE RESEARCH TRATNING PROGRAMS OF NIH 



vr INSTITUTE AND SPECIALH FIELD 



SPECIALTY FIELD 
AT FIRST AWARD 



BIOMEDICAL SCIENCES, 
TOTAL 



INSTITUTE 



NUIP NIAMD NCI NICHD NIDR NIEHS 



4517 1165 4327 1590 1648 1130 



ANATOMY 

BIOCHEMISTRY j 
BIOHATltEMATICS I 
BIOMEDICAL ENGINEERING 
BIOPHYSICS 
aTOLOGY 
GENETICS 
IMMUNOLOGY 
MICROBIOLOGY/BACTBRIOLOGY 

MOLECULAR BIOLOGY 
PARASITOLOGY 



7. 
63 



16 
.2 
33 

967 
2269 
14 

510 



59 
346 

6 

24 
2 

36 
69 
36 
11 



100 
819 
1 
1 

104 
28 

302 
82 

229 
28 



74 
127 
1 

4 
6 

127 
10 
11 
35 



330 
181 

192 
27 
5 

59 
14 
1A2 



2 

19 
2 
1 
3 

8 
1 

32 
I 
3 



NEI NICMS NHLI NINDS TOTAL 



21 26816 6353 1371 48938 



1773 
5633 

84 
. 824 
2080 

32 
2049 

71 
2467 
1 



236 
516 

513 
169 
10 
79 
32 
39 
8 



122 
101 

11 
20 
4 
5 
6 

15 

i 



2705 ■ 
7806 

88 
1549 ^ 
2449 

69 
2698 
1252 
5240 

100 

513 



135 
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Table A2 - continued 





INSTITUTE " 


SPECIiaTY FIELD 
AT FIRST AWARD 


auiD 


NIAMD 


NCI 


NICHD 


NIDR 


NIEHS 


NEI 


NIGMS 


nUli 


HINDS 


TOTAL 


BIOMEDICAL SCIENCES 
























(continued) ^ 
























PATHOLOGY ' 


107 


' 47 


864 


7 


105 


6 


1 


^ 2748 


405 


200 


4490 1 


PHARMACOLOGY 


7 


96 


189 


8 


91 


68 




2394 


569 


101 


3523 


PHYSIOLOGY 


34 


176 


173 . 


339 


1.62 


70 


10 


2646 


2304 


397 


6311 


BIOMEDICAL SCIEHCES, OTHEB 


110 


213 


1190 


742 


293 


41 


3 


3146 


1211 


364 


7313 


BOTANY 


17' 


1 


47 


13 


1 






13 


6 


1 


119 


" ECOLOGY 


,12 








1 


4^ 






1 




63 


ENTOilOLOGY 


282 




2 




1 


64" 




4 


2 


1 


357 


ENVIRONMENTAL SCIENCES 


2 




2 • 






705 




201 


32 


0 


943 


FOOD SCIENCES/NUTRITION 




34 


2 




34 


3 




> 564 


154 


2 


798 


HYDROBIOLOCY 


1 








2 


14 






29 




47 


PHARMACEUTICAL SCIENCES . 










2 


1 










3 


ZOOLOGY 


64 


9 


164 


75 


6 


22 




86 


38 


19 


482 



. Table A2 - continued 

\ 



■ SPECIALT! PIELB ' 
AI FIRST AHASD 


msinuTE 


NIAID 


NIAMD 


•NCI 


DICHD 


NIDR NIEHS 


NEI 


NIGHS 


mi 


KINDS 


TOTAL 


BEHAVIORAL SCIENCES 
TOTAL 


k 


5 


-11 


1342 


257 2. 


7 


' 1158 


52, 


308 


3146 


CLINICAL PSYCHOLOGY 






• 


21 


132 '-- 




*MM 


2 


145 


3D0 


DEVELOPMENT/GERONTOLOGICAL 


■taw 




' MM* 


522 


3 r-' 


MMM 


■M« 


1 


7 


■ 533 


EDUCATIONAL 








'15 








— 


4 


19 


^ EXPERIHENTAL 




1 


3 


170 


62 « 


3 


7 


23 


82 


351 ' 


COMPARATIVE 


1 


— 




13 


1 ^ — 


- 


MM 




5 


24 


PHYSIOLOGICAL 


mmm 


3 


2 


(2 


7 — 




— 


6, 




U4 


PERSONALITY 






-— 


13 


3 - 




1150 






1166 


PSYCIlOffilRICS 




MM* 




2 




Mmm 


•MB 


liMM 


Mmm 


2 


SOCIAL PSYCHOLOGY 




HMM 


mmm 


13 


2 1 






2 


5 


23 


PSYCHOLOGY, GENERAL 






■ 1 


8 


5 ^ 


MMM 




1 


1 


16 


AMOPOLOGY' 


3 


1 




91 


35 - 1 


»MM 




' / 3 


6 


140 


BEHAVIOR/ETHOLOGY 








121 


MMM MMM 






k 


1 


126 


MENTAL HEALTH 








13 








2 




. 15 


SOCIAL STATISTICS/DQIOG 








99 






1 






100. 


SOCIOLOGY 






1 


199 




MMM 




8 


2 


217 



Table A2 » continued 



H 
H 




SPECIALS FIELD 
AT FIRST AWARD 



gjNlCAl SCIEMC ES. TOTAL 
DENTISTRY 




MEDICINE S SURCERY, SUBTOTAL 
ALLERGY 

ANESTHESIOLOGY 
GERIATRICS 

dlERlJAL HEDICINE, SUBIOTAl 
CAJDIOVASCuiiR DISEASES 
CLINICAL NUTRITION 
CONNECTIVE TISSUE DIS. 
DEMOLOGY 
DIABETES 
ENDOCRINOLOGY 
•GASTROENTEROLOGY 
HEMATOLOGY 

, INFECTIOUS DISEASES 
■ LIVER DISEASES 
METABOLIC DlWs 
. NUCLEAR HEDICINE: 
ONCOLOGY V\ 
PUmONARY diseases' 
RENAL DISEASES 
TROPICAL medicine! 
OTHER 



1363 {566 1855 
156 10 ... 



1033 5752 
1 3 



157 
613 
183 
507 
671 
614 



5 

495 
2 
3 



60 
355 



'1 
45 
1 

402 - 
"65 1504 



1 
2 

152 



398 
2 



14 

30 
16 



627 128 
3 



1 

23 
5 



— 1 



1 — 



1 - 



— 1 ■ « 



2 — 



2 
1 
'5 
154 
2 
1 



45 U 



S27 23 

139 3658 

- 2577 

— 2 

7 4 
1 

17 
13 



117 

4 



— 10 170 

— — 10 



3 I \^ 



12 
3 
2 

311 
300 
3 

226 



- 1028 

4915 22536 

- 170 
3 555 

n 11026 

3 2591 

- 161 

- 619 

- 517 

- 509 
842 
'.650 
941 
511 
65 
373 



1 



159 
362 

- 454 

- 406 
3 1858 
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Table A2 - contlaued 



SPECIALTY FIED 
AT FIRST AVAW) 



INSTITUTE 



NIAID, HIAMD 'NCI NICHD NM NIEHS Ul TO tlHLI mi 'TOTAL 



aiNICAL SCIENCES (contiiiued)> 
piCINE i SURGERY (continued 

NEUROLOGY 

JEUROPSYCHUTRY 

OBSTETRICS/GYNECOLOCY 

OPHTHALHOIOGY/OPIOMEIRY 

OIORHI^OLARYNiMLOCY 

PEDIATRICS 

PREVENTIVE MEDICINE 

PSYCHIATRY' 

RADIOLOGY 

SURGERY 

VETERINARY KEDICINE 

aiSICAL SCIENCES, OTHER 



121 

46 



37 
6 
2 

316 



97 15: 

1 

2 

W 53 



T- - ,2 

2 6 830, 

4 435 465 

62 15 24 

e < 34 1893 



3 
1 

IHM* 

1 

16 
18 

2 

1 



277 



- , 6 



27 



43 



15 



532 

r 

9. 
5 

219 . 131 
256 1180 



3 



' 39 
183 



2214 2251 

9 9 

.« 332 

nil 1402 

1171 1178 

21 1593 
60 

13 24 

' 110 1316 

253 2616 

. 14 179 

782 7405 



112' 



7Able A2 - continued 



H 



SPECIAin FIEU) 
HEALTH RESEARCH, TOTAL 



■ BIOSTATISTICS/SIOMETRICS 
EPIDEMIOWGY 
HOSPITAL ADMIIIISTRAIIOii 
PUBLIC HEALTH ^ 



CHEtaSTRY 
ENGINEERING, OTHER 
HAIHEMAIICS 

Wsics 

OTHER 



ALL FIEU)S 



INSTITUTE , 



NIAID NMD). NCI NICHD NIDR NIEHS NEI NIGHS 



33 



1 
71 
7 
4 



50 



1 
13 



24 
17 
3 

42 



3 

ll 
23 
? 



65 319 5 

2 1 -« 
- 2 ' 1 

5 45 - 

3 ; 14 77 
388 1593 2 



2 

30' 
1 
4 



6 
8 

184 



28 ™ 

9' 14 
5 »w* 



18iS 
904 
4 
6( 



165 18 2 2136 
3 26 i 



- 12 

- 85 

1 556 



,NHU/:iHIIJDS 



5^ 37 198 2790 66 ' 2 



24 
24 
12 
6 



20 
257 



TOTALi 



3322 



.^1 



1877 
1075 
54 
316 



192 24 

, 17 • 4 
3 



2 



7 



630 447 



2980 
66 
5 

113 

.470 
3637 



6114 8256 10263 3816 3118 1403 317 39218 



Source; NIH Roster of Trainees and Fellows, 1938-72, Sunary File B, 
NAS/NRC, Washington, D, C, August 5, 1975. 



Comisslon on Hunan Resources, 
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Table A3 - AVERAGE LKNGTH OP NTH SUPPORT AT EACH ACADEMIC LEVEL 







FULL TIME "\ 


PART TIME 


TOIAL 


WAD nv 
TEAR Ur 


ACADEMIC 


Mean length 


of 


Mean length 


of 


Mean length 


^ of 


AluUU) 


^ LEVEL. - 


of support 


trainees 


of support 


trainees 


of support 


trainees 




(tnonCha) 


per level 


(ninths) 


per level 


(months) 


per level 


1938-45 


Po8t-PhD 


28.7 


22 


A 





28.7 


22 


Po8t-MD 


30.2 


11 




(«) 


24.6 


14 




Other 6t Unknovm 


20.0 


91 




(«) 


18.9 


98 




Post -PhD 


18.2 


137- 


5.2 


13 


17;0 


150 




Po8t-MD 


15.5 


318 


3.8 


14 


15.0 


332 


• 1946-50^''' 


Post-MD/PhD 


15.7 . 


13 






14. 7 


'14 




Po8t-MD/Pre-PhE 




(a) 








(a) 




Other 6r Unknown 


17.5 


571 


4.6 


41 


16.6 


612 




Poot-PhD 


16.9 


419 


4.5 


2Q 

fc7 




AAA 


1951-55 


Po8t-MD 


17.3 


426 


5.1 


22 


16.7 




Post-MD/PhD 


16.9 


10 






IS s 


11 




Other & Unknown 


16.2 


1366 


4.8 


Q1 

7X 




143/ 




Pre -PhD 


27.8 


798 






00 s 


1 no o 
lUZZ 




Post— PhD • 


20.2 


916 


4.0 


215 


17.1 


1131 


1956-60 


Pre-MD 


17.4 


132 


3.2 


388 


6.8 


520 


Post-MD 


19 .4 


2844 


L L 


/•AO 


IT O ■ 
1/ • Z 


3313 




Post-MD/PhD 


19.1 


122 


L 9 

H. 


Z J 


1 A 7 
10 .,/ 


14-^ 


• 


Pofit-MD/Pre— Phr 


28. 3 


48 




*>f\ 


Oil 


CO 

oo 




O^h^r & IIn1fnnt.m 


16. 6 




J.J 


Ljjj 


TO C 


4981 




Pre -PhD 


28.0 


9796 


J . o ■ 




j£ J . 0 


lloZU 




Post- PhD 


19.6 


2668 


3.6 


509 


17.0 


3177 




Pre-HD 


15.3 


770 


3.3 . 


5798 


4.7 


6568 


1961-65 


Post-MD 




fifiOA 




ii7<» 


10 • 


lOOoo 




Post-MD/PhD 


16 .6 


H JO 


J . H 


on 

7U 


1<» . J 








25.4 


977 


4.3 


128 


23.0 


1105 






13.5 


1976 


2.7 


2539 


7.4 


4515 




Pre-PhD 


27.2 


13482 


3.8 


1928 


24.3 


15410 




Post-PhD 


. 18.7 


4514 


3.8 


676 


16.8 


5190 




Pre-MD 


23.3 


749 


2.3 


5785 


4.7 


6534 


1966-70 


Post-MD 


19.5 


9317 


4.3 


1014 


18.0 


10331 




Post-MD/PhD 


19. V ■ 


273 


4.1 


32 


18.1 


305 




Post-MD/Pre-PhI 


25.9 


1064 


4.1 


• 97 


24.1 


1161 




Other & Unknowr 


13.8 


2832 


' 2.5 


2118 


9.0 


4950 




Pre^PhD 


27.5 


24076 


3.8 


4176 . 


24.0 


28252 




Post-PhD 


19.1 


8676 


3.9 


1442 


16.9 


10118 


TOTAL 
ALL YEARS 


Pre-MD 


19.1 


1651 


2.8 


11971 


4.8 


13622 


1938-70 


Post-MD 


20.0 


21810 


4.2 


2713 


18.0 


24526 




Post-MD/P|iD 


17.9 


856 


3.7 , 


145 


15.8 


1003 




Post-MD/Pre-PhD 


'25.7 


2089 


4.2 


245 


23.5 


^334 




Other & UkAown 


15.3 


10262 


2.8 


6344 


10.5 


16613 



Source: NIH Roster of Trainees and Fellows, 1938-72, Summary File Coninission on 
Human Resources, NAS/NRC, Washington, D. C. July 28, 1974. 

(a) Less than 10 observations. 

(b) Pre-Ph.D. fellows were supported as early as 1946 according to the NIH Grants 
and Awards Report for , that year , but difficulties in determining the academic ' 
level from early NIH records prevented them from being identified in the data 
base. For this reason, the early pre-Ph.D.'s fall Into the "Other and Unknown? 
academic level in this table. 
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Tablt A4 » FHD ATTAINMKW T RATES FOR SUPPORTED AND NON-SUPP QRTirn CROO?S 
IN THE MOLOClCAL SCIENCES. FOR BA YEARS 1941^1955 ^ 











Heceived PhO^-^. 


Did 


Not Kccclvtt 












by 1973 \ 


PhD by 1973 ' 




YMr of EA 


Sourca of Fre-PhO Support 




T nf 
A Ot 




. Z of 












w 


Total 


*# 


Total 


Total # 






Traincoa 


Full-time 


26 


56.5 


20' 


43.5 


46 








Part-tiflw 


6 ' 


66.7 


3 


33.3 - 


9 








Total 


33 


58.9 


23 


"'41.1 


56 . 






Fellowa 


Full-tiae 


IT 


81.3 


3 


18.8 


- 16 




HIH 




Part-tiac 


- 
















Total 




81.3 


3 


18.8 


li 






Total 


Full- time 


39 


62.9 


23 


• 3>.l 


62 


1941-45 ' 






Part-cizsa 


6 


66.7 


3. 


33.3 


9 








Total ' 


46 


63.9 


26' 


36.1 


7? 




NOEA(b) 


4 


80.0 


1 


20-0. 


5 




Wood row 


Vllson Fellows 








- 






Tra Ineea 








~ 




- 




NSF 


Fellowa 




6 


85.7 


I 


14. '3 


7 






Total 




6 


85.7 


1 


14. 3 


7 




Total with Known SupportU) 


68 


67.3 


33 


, 32.7 


101 




No tra^i^nce or fellowship suppt. 


46 


:.41.4 


65 


58,5 


111 






Iralnaca 


Full-tine 


174 


69.9 


75 


30.1 


249 








Part-tioe 


30 


60.0 


„_20 


40.0 


50 








Total 


207 


68. 1 


97 


31.9 


304 






Fellowa 


Full-time 


44 


88.0 


i 


12.0 


50 




VIH 




Part-time 


4 


66.7 


2 


33.3 


6 








Total 


48 


85.7 


8 


14.3 


56 






Total 


Full-time 


2X8 


72.9 . 


dl 


27.1 


299 


1946-50 






Part-time 


34 


60.7 


22 


39.3 


56 




/• • 




TntA\ 


255 


70.8 


105 


29.2 


360 




NDEA<^) 


11 - 


68. B , 


5 


31.3 


16 




Uoodrow 


Wilson Fellows 




^ 






- 






Trainees 




1 — 








— 




NSF 


Fellowa 




11 


78.6 


3 


21.4 


14 






Total 




11 


78.6 


3 


21.4 


14 


1 


Total with Known SupportC") 


302 


71.7 


119 


28.3 






No trainee or fellowship suppt. 




57.9 




A2.1 








Traincea 


Full-time 


478 


80.7 


114 


19.3 


592 








Part-time 


108 ' 


76.6 


33 


23.4 


141 








Total 


596 


79.7 


152 


20.3 


748 






Fellowa 


Full-time 


169 


91.8 


15 


8.2 


184 




NIH 




Part-time 


14 


100.0 






14 








Total 


187 


92.6 


15 


7.4 


202 






Total 


Full- tine 


647 . 


83.4 


129 


16.6 


776 








Part-clme 


122 


78.7 


33 


21.3 


155 


1951-55 






Trtrr.1 


7R1 


R7.4 


167 


17.6 


950 


KnFA(b) 


24 


Q 


13 


35.1 


37 




Wood row 


Wilson Fellows 
















Trainees 




1 


50.0 


1 


50.0 


2 




NSF 


Fellowa 




46 


92.0 


4 


8.0 


50 






Total 




47 


90.4 


5 


9.6 


52 




Total with Known Support^^^ 


930 


81.0 


218 


19.0 


1148 




No trainee or fellowship suppt. 


493 








901 


Sources: RIR Roacer 


of Trainees 


and Fellowa, 


193S-72, 


Cotaprehenaive 


File of 


Doctoral Scientiata 



and Engineera, 1935-73, Cumulative Index of NSF Traineea and Fellowa, 1952-71, Cos- 
•iaaion on Human Resources, NAS/NRC, Washington, D. C. J 

NDEA Fellowa, 1959-72, Office of Education, U. S. Department of Health, Education end 
Valfare, Washington, D. C. 

Voodrow Vilaon Fellows, 1958-69, Woodrov Wilson National Fallowahip Foundation, 
Ptincaton^ N. J. 

'The total with known aupport ia lesa than the tota\ from all aourcca of aupport becauaa aoma 
people had multiple aourcea of aupport and are counted in each ona, but ara counted only onca 
in tha total. 

^Tha NDEA program la oparationally equivalent to a tralneeshlp even though it ia called a fal- 
lowahip program. For thia analyaia, tha NDEA paopla ara considered to ba traineaa rather than 
fallow* 
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Table A5 - MEDIAN TIME LAPSE FROM DEGREE TO FIR ST APPOINTMENT 
by specialty field at first appointment 
and academic level- 



BA TO FIRST PRE-PHD APPOINTMENT 
(Months of Elapsed Time) 



Year of First Award 



Speciaarfy Field at 
First Appointment 



GENERAL BIOLOGICAL 
SCIENCES SUBTOTAL 

Biochemistry 
Microbiology 
Physiology 
jPathology 
* Pharmacology 
j^natomy 
Genetics 
Biophysics 
Bfblogy , ' 
Mul\idisAiplinary 
Other^^ 

clinVcal medicine 

AND DENTI^RY 

Misc-l health fields 

BEHAVIORAL SCIENCE 
AND PSYCHOLOGY 

EMP, OTHER 

UNKNOWN FIELD 

GRAND TOTAL 



1956-60 



Time 
Lapse 



18.3 

53.5 

28.5 

44.5 

18.9 

17.5 

40.5 

(a) 

(a) 

40.5 



50.5 
34»5 

32.5 



Number 
Suppt. 



30.6 233 



53 
49 
16 
10 
28 
19 
22 
3 
7 

26 



14 
31 

10 



31-0 288 



1961-65 



Time 
Lapse 



11.0 
24.3 
22.8 
27.9 
16.3 
17.2 
18.9 
17.0 
26.7 
20.2 
19.9 



28.7 
25.7 

25.2 
21.2 
(a) 
19.0 



Number 
Suppt. 



17.8 -7197 



1574 
1400 
1000 
180 
555 
483 
453 
564 
215 
121 
652 



351 
851 

400 
462 
5 

9266 



1966-70 



Time 
Lapse 



Number 
Suppt. 



16.2 

6.8 
22.5 
24.8 
22.8 
14.4 
15.5 
16.3 
14.4 
34.2 
18.3 
25.0 



26.2 
27.3 

24.8 
27.4 



9993 

1968 
1710 
1102 
204 
811 
635 
679 
637 
736 
256 
1255 



383 
1831 

1521 
799 



21.5 . 14527 



1971-72 



Total, All Yrs 



Time 
Lapse 



Number 
Suppt. 



15.7 2019 



10.5 
23.3 
20.3 
14.1 
14.0 
16.4 
15.5 
14.9 
24.5 
6.7 
23.2 



373 
407 
20^5 
52 
200 
103 
120 
141 
96 
64 
258 



.28.9 79 
28.4 321 



27.1 
27.4 



332 
64 



Time 
Lapse 



20.2 2815 



16.8 19442 

9.2 
24.1 
24.3 
25.2 
15.0 
16.1 
Ig.l 
15.5 
28.5 
17,1 
24.0 



27.5 827 

27.0 3034 

25.2 
26.1 
(a) 

20.1 26896 



Sources: NIH Roster of Trainees and Fellows, 1938-72, Doctorate Records File, 1935-72, 
Commission on Human .Resources, NAS/NRC, Washington, D.C. 

(a) Less than 10 observations. 
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Table A5 (Cont.) - MED IAN TIME LAPSE FROM DEGREE TO FIRST APPOINTMENT 
;by specialty field at first appointment 

PHD TO FIRST PHD APPOINTMENT 
(Months of Elapsed Time). 

Year of First Award, 



Specialty Field at 
Flrftt Appointment 



1956-60 
Time Number 
Lapse Suppt 



1961-65 



Time Number 
Lapse Suppt 



1966-70 



Time 
Lapse 



Number 
Suppt 



1971-72 



Time Number 
Lapse Suppt. 



Total, All Yrs 



Time Number 
Lapse Suppt 



GENERAL BIOLOGICAL 
SCIENCES SUBTOTAL 

Biochemistry 

Microbiology 

Physiology 

Pathology 

Pharmacology 

Anatomy 

Genetics 

Biophysics 

Biology 

Multidisciplinary 
Other 

CLINICAL MEDICINE 
AND DENTISTRY 

MISC. HEALTH FIELDS 

BEHAVIORAL SCIENCE 
AND PSYCHOLOGY 

QIP, OTHER 

UNKNOWN FIELD 

GRAND TOTAL 



14.3 630 



10.0 1906 



12.6 
11.1 
38.5 
25.2 
11.2 

4.5 
30.5 
13*0 

9.8 
28.5 
13.9 



30.9 
30.5 



165 
71 
99 
33 
34 
32 
32 
19 
66 
14 
65 



60 
20 



9.4 
8.5 
11.7 
16.1 
6.0 
9.2 
9.7 
13.5 
14.9 
4.3 
11.9 



27.8 
27.0 



479 
304 
216 

41 
110 
109 
175 
187 
120 

23 
142 



96 
95 



(a) 


4 


17.3 


82 


10.81, 


89 


7.4 


154 


(a) 


8 


(a) 


3 


14.9 


811 


10.7 


2336 



5.6 

7.6 
4.4 
4.6 
3.7 
3.6 
4.3 
4.5 
9.3 
6.3 
7.8 
6.9 



10.7 
30.5 

11.0 
6.2 



2604 

571 
388 
331 

52 
142 
126 
224 
152 
368. 

39 
211 



190 
164 

225 
301 

3484 



Sources: 



7.1 1075 



10.6 
4,7 
4.7 
5.5 
5.8 
3.2 
7.6 

15.2 
5.4 

24.5 
7.8 



238 
141 
151 
38 
87 
54 
76 
50 
165 
10 
65 



7.5 51 
11.2 154 

7.8 1463 



8.0 6482 




9.1 
6.2 
8.8 
8.2 
4.9 
6.0 
8.0 
12.8 
7.0 
8.5 
9.9 



Commission on Human Resources, NAS/NRC, Washington, D. C. 
(a) Less than 10 observations. 



1543 
934 
819 
169 
387 
333 
515 
413 
764 
86 
519 



15.5 


469 


^25.8 


364 


12.2 


362 


7.3 


750 


14.8 , 


41 


8.5 


8468 


)-72, 
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Table AS (Cont.) - MEDIAN TIME LAPSE FROM DECREE TO FIRST APPOINTMENT 
by specialty field at first appointment 

MD TO FIRST MD APPOINTMENT 
(Months of Elapsed Time) 



Year of First Award 



Specialty Field at 
First Appointment 


1956-60 - 


" 1961-65 


1966 


-70 


1971-72 


Total. 


All Yrs, 


iime 
Lapse 


Number 
Suppt. 


• Time 
Lapse 


Number 
Suppt. 


Time 
Lapse 


Number 
Suppt. 


Time 
Lapse 


Number 
Suppt . 


Time Number 
Lapse Suppt. 
























' BIOLOGICAL SCIENCES 






















SUdTUTAL 


44.2 


804 


.49.5 


3457 


42.0 


1871 


j\j . J 


J JO 


^8.8 


6513 ■ 


Biochemistry 


41,2 


71 ' 


53.6 


. 284 


49.8 


138 


40.5 


20 


50.6 


519 


Microbiology 


63.9 


66 


54.3 


342 


50.8 


183 


62.2 


35 


53.1 


627 


Pathology 


40,0 


266 


41.8 


1183 


28.0 


592 


40.3 


109 


39.3 


2155 


Physiology 


51.9 


101 


51.5 


651 


J± . o 


ion 


63.0 


46 


51.7 


1129 


CLINICAL MEDICINE 






















SUBTOTAL 


43.4 


1682 


51.6 


6350 


50.5 


8415 


51.4 


2015 


50.7 


18473 


Internal Medicine 


50.8 


724 


52.5 


3053 . 


52.0 


3515 


61.0 


845 


52.2 


8140 


Pediatrics 


52.5 


48 


67.6 


460 


65.5 


588 


52.5 


138 


65.0 


1237 


Radiology 


60,5 


10 


63.6 


239 


53.1 


562 


57.3 


192 


57.8 


1003 


Surgery 


50.0 


126 


62.5 


• 649 


49.4 


1060 


51.4 


226 


51.2 


2065. 


Opht.halmology 


37.0 


169 


39.7 


5iO 


39.4 


630 


49.3 


123 


39.4 


1432 


Neurology 


36.8 


402 


37.4 


743 


37.4 


836 


37.1 


187 


37.2 


2169 


Other 


50.5 


203 


52.0 


696 


50.5 


1224 


50.5 


304 


50.8 


2427 


CLINICAL DENTISTRY 


39.9 


145 


39.7 


370 


37.3 


. 2,06 


16.5 


32 


38 . 2 


753 


MISC, HEALTH FIELDS 


71.7 


86 


67.0 


429 


50.6 


285 


51.8 


45 


6.2.8 


845 


BEHAVIORAL SCIENCE 






















AND PSYCHOLOGY 


(a) 


2 


70.4 


25 


32.5 




(a) 


4 


40.2 


73 


EMP, OTHER 


(a) 


9 


43.5 


23 


38.5 


' 12 


(a) 


1 


/37.2 


47 


UNKNOWN FIELD 


(a) 


1 


(a) 


2 










(a) 


8 


GRAND TOTAL 


44.3 


2729 


51.1 


10656 


50.1 


10831 


51.1 


2433 


50.3 


26712 



Sources: NIH Roster of Trainees and Fellows, 1938-72, Doctorate Records File, 1935-72, 
Commission on Human Resources, NAS/NRC, Washington, p. C. 



(a) Less than 10 observations. 
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Table AS (Cont;) 



Specialty Field at 
First Appointment 



GENERAL MEDICAL AND 
BIOLOGICAL SCIENCES 
SUBTOTAL 

Biochemistry 
Microbiology 
Pathology 
Physiology 

CLINICAL MEDICINE 
SUBTOTAL 

Internal Medicine 

Pediatrics 

Radiology 

Surgery 

Ophthalmology 

Neurology 

Other 

CLINICAL DENTISTRY 

MISC. HEALTH FIELDS 

BEHAVIORAL SCIENCE 
AND PSYCHOLOGY 

EKP, OTHER 

UNKNOWN FIELD 

GRAND TOTAL 



MEDIAN TIME LAPSE FROM DEGREE TO FIRST APPOINTMENT 
by specialty field at first appointment 

PHD TO FIRST MD/PHD APPOINTMENT 
(Months of Elapsed Time) 

Year of First Award 



1956-60 

Time 



Number 
Lapse Suppt 



43 



(a) 
(a) 
46.5 
50.5 



34.5 

(a) 
(a) 

(a) 

18.5 
(a) 



(a) 

(a) 



6 
4 
10 
10 

28 

7 
2 



11 
4 



46.5 77 



1961-65 
Time Number 
Lapse 'Suppt 



42.5 108 



10.5 
.14.-5 
58.5 
63.5 



57.5 

38.5 

(a) 

(a) 

(a) 

(a) 

(a) 

(a| 

(a) 
(a) 



(a) 



10 
15 
23 
19 



43 

18 
3 
3 
1 
4 
9 
5 

3 

8 



46.5 163 



1966-70 



Time 
Lapse 



20.8 

11.5 
15.5 
26.5 
(a) 



Number 
Suppt. 



85 

13 
11 
18 
9 



26.0 164 



1971-72 



total. All Yr3 



Time Number 
Lapse Suppt. 



37.3 


63 


49.8 


32 


37.8 


20 


44.5 


16 


(a) 


6 


(a) 


2 


(a) 


3 


(a) 


1 


14.5 


11 


(a) 


3 


(a) 


4 


(a) 


1 


38.5 


13 


(a) 


6 


(a) 


6 


(a) 


3 






(a) 


2 


16.0 


11 






(a) 


1 


(a) 


1 


(a) 


4 


(a) 


1 











27.2 30 



(a) 
(a) 
(a) 
(a) 



38.7 66 



Time Number 
Lapse Suppt. 



30.5 274 



12.5 
16.5 
41.5 
28.5 



32 
32 
53 
46 



39.8 168 



49.8 

34.5 

(a) 

16.2 

70.4 

39.8 

40.5 



62 
13 
7 
19 
10 
39 
18 



(a) 5 
34.5 25 



(a) 
(a) 



35.2 482 



Sources: NIH Roster of Trainees and Fellows. 1938-72, Doctorate Records File. 1935-72 
Commission on Human Resources, NAS/NRC, Washington, D. C. 

(a) Less than. 10 observations. 
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rr of u' 



., Tnlnlng Pathvay^ 
llon-MD's 

1* So pre«PhD JupRwt-^no 
A« All with p^^^Ph]^^w , 
ToUl-'non-?hD^s 



No pre-PhD>4?hD-*no post PhD 



5. Kill pfe-PhD-»PhD->no pojt PhD 

4. Non-inil pre;PhD-^PhD^no poat 

PhD 

2^tar.'-pliL)T7[tK pre-PhD suppoTt 
8. PhD's vith Mil DOSfPhD Support 

5. PhO'8 with non-NIH poit- 



jO. TocaMhD^swlth posfPhD suppt, 



192J- 
1935 



_no PhD 



_iupport 



24. Totil-.llD'i with mil post 
luppor^ 




11. Nlli prc-;iD->no post-|{D->no PhD 

12. No prc-^3)->no pott-«!)-> 
no PhD 



13. Tocal»:.iD>5 with no lurther su^pt 



l^. Nil! pre-!ID->:iIll pDsc*MD->no PhD 
15. No Kill pre-!ID-4!Jiii fo,^flD-> 
no PhD 

lb. iotai"iiD'$ wl'tli po8t-:;bT 



\h Mil pre-:i(j->no ;;ill poEt-HO-^PhO LOO.O 

18. To nil pre^JiD^no NIH post-Hd-v 

PhD 

19. iim pr«-:iD-^::in pojt-iD 

21. Total-.;a)'i with PhD, no fmh^T 



22. Ho m pr«*:!D*4no Hill post-^fl)-^ 

PHHiiiii post :a)/PbD 

23. Ho IIIH prp-:fl)-»:illt poit-HD-v ^• 
_PhMMIl pg3t^:!n/Phn 



•for H.D.'. without . B.A., y..r of B,A. v„ .pp„,l«t.d by ,,btr.ctl„g fo« fro. y..c of H.O. 
*U thl. t.bU m .ypport 1. d.flfl,d .. f«ll.,i„ ,„ppo„ „ „ ...j^j, ^^^^^ 



■ERIC 



(continued) . PglHAltlf Ml ACTIVm AND TYPE QP BIPLOYER DURIMC »i6-70. BT COHDIIT AMD miHTKG PATWtf 



Tr o( W* 


Training Pathway^ 






pr>i:: 




CTIVU'Y 


Tvi't or tnrLOiiR 




DFV 


run. 

m 


PPiOF. 

to mow. 


TOTAL m 


1 

UN- 


mi 

INDUS 


SCH/' 
UlUV 


SELF' 




TOTAL KXCPI 


UN- 


TOTAL In 

rATir,;AV 


1)36- 

l%i 


|, 1 

So pre-PhD 8cpport-tno PhD 
Ji All vUh orc'PhD sunnt PSn 


'I 

11.6 


I 

8.1 


I 

80,3 


I 


I Ko. 

inn ft Lt\(k 

100.0 61 


171 9 
ilil 

170 


I 

t c 

4,5 


I 

00, J 

77.3 


I 

1 n 

l.U 

1.5 


X 

ilil 

16,7 


! Nd, ' 
inn n mo 

100,0 66 


165 


iilQ 

231 






7 5 


79 7 




100.0 46' 


1682 


5.3 


68.3 


1.1 


25.3 


100.0 375 


1974 




4. :io pre-?hO-^:'hD-^no post PhD 


36.1 


26.? 


33,7 


3.5 


lOO.O' 19339 


17404 


26.6. 


56.4 


2.6 


14.5 


lOD.O 20120 


16623 


36743 


5. hill pr«-l'hD-*?hO-*no pose PhD 

6, Non-lilll pre"?hD-4PhD-4no post 


23.1 
1?.0 


46.2 
19.6 


30,8 
62.5 


0.9 


100,0 39 
100.0 112 


46 
189 


2.3 
10,0 


65.1 

80.0. 


mm 


32.6 
10.0 


100.0 43 
100.0 120 


42 

181, 


85 
301 


/, "o:al--i'nij'3 wuh pre-?]i!j vppor'f 


18.5 


26,5 


54.3 


0.7 


100,0 .151 


235 


8,0 


76.1 




16.0 


100.0 163 


223 


. 386 


8. PhD's vich Mil post-Pho support 

h PhD's with no:i-;;il! post'PhD 
support 


1L.9 
16.fl 


52,6 
29,0 


34.8 
54.2 


0.7 


100.0 293 
100.0 465 


143 
196 


4.5' 
.1.4 


81.0 
95.0 


mm 


14.5 
3.5 


100.0 310 
100.0 483 


126 
178 


' 436 
661 


10, Total-phD's vUh port^PhD imi. 


14.9 


38,1 


46.7 


0.3 


100.0 758 


339 


2.6 


89.5 




7.8 


100.0 793 


' 304 


■1097 


IL pre-:D)->no po5t-:iD-4no PhD 
J2. ::o pre-^-^nq post*;iD-^ 

no PhD 


5.9 


, 1.5 


50.0 
2.0 


50.0 
90,6 


100.0 2 
100.0 5810 


222 


■.0.2 


SO.O 
6.5 


79.1 


.50.0 
14.1 


.i 

lOO.O' 2' ' 
100.0 5763' 


269 


2 

6032 


u. iotai-*.H) s vlth no further S'jppt, 


-.5,? 


1,5 


2.0 


90.6 , 


100,0 5812 


222 


0.2 


6.6 


79.1 


14.2 


100.0 5765 


269 


6034 


K. NIH prc-;iD-tNIH post-JID-^no PhD 

15. ?;o prc-:!D*>::iH post-:tD-^ 

no PhD 


11.9 


25,8 


19.5 


100.0 
42.9 


100.0 1 
100.0 555 


179 


0.2 


53.9 


100.0 
24,4 


21.5 


100,0 1 
100,0 553 


181 


1 

734 


16. To:al-:o's with post'llD, 
no PhD 


11.9 


25,7 


19.4 


43.0 


100.0 556 


179 


0,2 


53,8 


24.5 


21.5 


100,0 554 


181 


735 


16, ;:oMH pr8-:!0-4no U\\ posc-:id-> 
PhD 

19. pre-:!D-^::i;i post-IID-^PhO 


20.5 
20.5 


28,2 
36.1 


9,0 
100,0 

25.3 


42.3 
18.1 


100.0 78 
IDO.O 1 
100.0 83 


2 

15 


11.8 
2.3 


36,8 
100,0 
69.0 


30.3 
8.0 


21.1 
20.7 


lOO.O ■ 76 
100,0 1 
100,0 87 


4 

11 


■1 80 
1 

, '8 


21. Total-O'n ulth PhD, no further 
support 


20, i 


32,1 


17.9 


29.6 


100.0 162 


17 


6.7 


54.3 


i8.3 


20.7 


100.0 164 


13 


179 


22. So !H}| pre-:!D->nd I'lll post-iID-> 

rho-^;:iii post :a)/PhD 

23. ::o;iiH prf:o->::in posc-HD-^ 

PhDwMi! posf;!D/PhD 


K.P 


55.8 


18.6 
50.0 


11.6 
SO.O 


100.0 43 
100,0 2 


10 
2 


2.3 


76 .'7 
100.0 


4.7 


16.3 


100.0 43 
100.0 2 


■■'10 
2 


53 

' 4 


■ / 


2h. Total*'-:-{ij'a vlth Hll post fID/PhD 
- support 


13,3 


53.3 


20,0 


13.3 


100.0' 45 


12 


2.2 


77.8 


4.4 


15.6 


100.0' 4S 


12 


' 57 


To;\i. 










27290 


20290 










' 27979 


19601 


47580 



*Por K.D.'i Without 1 fi.A«, year of B.A. vai approxlwtcd by Bubtrpctlng four froa year of K,D. 
^In thii tabli KIH lupport li defined as'full-tlBe lupport at an aoadc&ic 1ml. 
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TiMt At (cwtlBttril ''HtlHAItT HOIII ACTIVITT AHO TTP! Of mm mVK 1968-70. ET COBOW AMD TKAIHIKC PATHWAT 







, PHHARY WOJK ACTlVm ■ 


■ TYPE or DPioe - 


r Oi M 




!«T/ 
DHId 


D£V 


rwcH- i 

INC 


pRor. 

:o ISDIV. 


TOTAL XNOUN 


UN- 

m 


JUS/ 
INDUS' 


HED 
SCH/ 
UHIV 


SEU 


OTHER 


TOTAL mOUN 


UK* 

m'i 


TOTAL In 
PATV^'AY 




1* Ito pre^PhD supports no PhD 
2. All with ow-^hD jimot.-^ro PhD 


I 

13.8 


J 

28.8 


J 

57.2 


n 7 
0.3 


Z 

100.0 
100.0 


No. 
1653 
320 


6957 
1165 


HI 

28.8 
17.8 


41.2 
59.5 


f 

IJ 
1.8 


' J 

28.3 
21.0 


t Mo. 

100.0 1516 
100.0 338 


7094 ' 
ll47 


6610 
14(5 

— 




1, ToUl--!ion-;'h;'i 


19.A 


21.7 


38.2 


0.7 




1973 


8122 


26.8 








TObTTSJT" 


8.:i 






III oO prt-;nD"*inl)*TnO pOSi rnU 


26.6 


33.7 


35.0. 


4.5 


100.0 


(0197 


34244 


23.4 


59.3 


2.4 


14.9 


100.0 41337 


33104 


74441 . 




J, !?IH pre-?hD->PhD-*no po$t PhD 
4. Son^lIH prt-?hD-4PhD->no post' 

PhD . ,y 


16.2 
18.1 


44.2 
35.4 


37.5 
46.2 


2.r 

0.3 


100.0 
100.0 


437 
■1808 


465 
1584 


15.9 
21.3 


'67.9 
69.5 


0.6 
0.6 


15.5 
8.6 


100.0 483 
100.0 1839 


419 - 
1553 


902 
3392 




T .ToUl*-?hD'j with prc'PhO support 


1J.8 


37.1 


44.5 


0.6 


inn n 




2049 


20.2 


69.2 


0.6 


10.0 


100.0 2322 


1972 


4294 • 




^ 8. PhoS with ::;:! oo$t-phD support 


9.5 


57.5 


32.7 


0.3 


100.0 


1237 


690 


6.0 


82.5 


0.2 


11.4 


100.0 1303 


624 


1927 




9. PhD's with nov::jl! poit-PhD 
I'jpporc • 


10.7 


39.5 


49.6 


0.1 


100 tO 


inRn 


432 


^0 




V.J 


4.8 


100.0 1110 


402 


,1512 

1 




•10, Tocal-PhO's with post-PhD luppt. 


10.1 


49.1- 


40.6^ 


0.2 


inn n 


liil 


1122 


5.6' 


85.9 


0.2 


8,3 


100.0 2413 


1026 


[34 39 


1946- 
WJ5 


. n "lit Df***!D-<^ro fiost"^(!l*<4no PhD 
12, Jio prfc-:2i-*no post»M-> 

no ini) 


4.0 


2 3 
2.6 


2.3 
2.5 


93.0 
90.8 


too.o 

100.0 


43 
7268 


If 

' 4 
401 


.1 

0.2 


15.6 
7.7 


62.2 
73.4 


22.2 
18.7 


100.0 J 45 
,100.0 7368 


2 

301 


47 

7669 




jlL Iocal-::o'5 vlthfno further suppt 


4.0 


2.6 


2.5 


90.8 


100.0 


7311 


405 


0.2 


7.7 


73.4 


18.7. 


lOD.O 7413 


,M3 


•716 


■ 


iW. :;:h pre-:?j-4::il! ])05fMD-#no PhO 

:iJ. ::o pre-::j-»::ii! post-i^o-^ 

' . no ?hD 


8.3 
S.6 


25.0 
19.1 


8.3 
11.6 , 


58.3 
63.7 


100.0 


36 
6019 


4 

1662' 


mm 

0.3 


47.2 
42.5 


30.6 
41.5 


22.2 
15.7 


100.0 36 
100.0 6108 


4 

1573 


7681 




i6. ;ot4i-'3's with post-:lD, 

no ?b!) 


5.7 


19.1 


11.5 


63.7 


100.0 


6055 


1666 


0.3 


42.5, 


41,5 


15.8 


100.0 6144 


15// 






ri7. ::iH pr«-:i:)->no :;ia poit-iiD-^PhD 
|18. ::o pre-;:o->flo :;ih poit-iy-v 

i PhiV 

'19. ::iK pre-:iD*4::iii posf:'j)-+phD 


8.0 
13.8 


75.0 

38.7 
66.7 
52.5 


25.0 

12.0 
33.3 
18.3 


41,3 
15.4 


100.0 

100.0 
100.0 
100.0 


4 

75 
J 

'-240 


2 

7 
1 

68 


3.3 
3.6 


60.0 

43.6 
100.0 
75.7 


20,0 
25.6 

r3 


20.0 
26.9 
13.4 


100.0 5 

lOO.O 78 
100.0 . ■) 
100.0 247 


1 

4 
I 

61 


i 

62 
308 




'21. Totil-ID'Mlth Ph'j, no furthtf 

^ lUppOTt 


12.1 


49'.7 


17.1 


21.1 • 


100.0 


322 


78 


3.6 


68.2 


11,7 


16.5 


100.0 333 


67 


400 




\lh ;;o prt-iiu-ino post-:ii}'4 
• phb-^riii pou :j/phD 

|23. ::o.:;iU pre^'•ID*4;:IlI poit-HD-v } 

[ Ph:»-^::iii poit-:^D/PhD 


8.7 
10.6 


50.4 
55.3 


12.2 
8.5 


28,7 
25.5 


100.0 
100.0 


115 
47 


30 
21 


3.4 


67.2 
63.0 


U.8 
10.9 


17.6 
26.1 


100.0 119 
100.0 46 


26 
22 


145 
68 




24. 7otii-:iD'i tfith pott mim 

'lupport'' 


9.3 


5119 


11.1 


27.8 


100.0 


162 


51 


2.4 


.66.1 


11.5 


20.0 


100.0 165 


48 


213 




m 

1 * . ' 












(0582 


47737 


V 








61981 




mm 



•for H.O.'i vlthout i I.A., yar of B,A. wi ippioxlMt«4 by wbtrictlas four ftotywr of K.D. 
^In thii tible NIU lupport ii dcfinid <i full-tlH lupport it in leidcalc 1ml. 
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Training Pathway^ 






PRIMA 


Ki VORIl A 


CTIVITY ■ 




TYPE or EJIPLO\tR 


l:!CT/ 


DEV . 


ING, 


PROF. 
SERVICES 
to INDIV. 


\ 

TOTAL KNOWH 


UN- 


BUS/ 
INDUS 


KED 
UK IV 


crt V 
atur 


OliltR 


TOTAL tOCQUN 




TOTAL In.. 
P.\T!'.*AY 




N'on-MD'a ^ 

!• Ko pre-?hO support*-* no PhD 
2,'AU with ore-?h:) siinot.-»no PhD 


Z ' 
18.3 
18.0 


Z 

31.8 
39,1 


Z 

49.6 
42.4 


' Z 
0.3 
0.6 


Z No. 
100.0 1896 
lOO.O 517 


\ 

6799 
^94 


Z 

36.3 
29.7 


Z' 
37.5 
49.7 


Z 

1.0 
0,9 


X 

25.2 
19.7 


I No. 
100.0 1910 
100.0 579 


6785 
3432 


8695 




3. Total--nor-:>hf>'s 


ia.2 




48.0 


0.4 


100.0 2413 


10i?3 


34,P 


40.3 




23.9 


100,0 24R9 ' 


10217 


'ir*'i» 


4. ::o pre-?hD-*?hD-»no poit PhD 


12.2 


44. 1\ 


40,1 


3.7 


100.0 22753 


2285^8 


21.3 


64,6 


1.0 


13.1 


100,0 23463 


22143 


45611 


5. till! pre-PhD-->PhD^no po^»t PhD 

6. ::on-!:ill pre-PhO— kPhD-^.no post 


8.7 
8.6 


56,1 . 
45.0 


'34.8 
46:1 


0.4 

0.4 


lOO.O 1105 
100.0 2968 


91^.^ 
. 3271 ■ 


15,8 

20.0 


73,0 
72.4 


0.2 
O.S 


11.0 
7.1 


100.0 1222 
100.0 3047 


801 
3192 


2023 
6:39 


7. .otal"?r:»'i wi;h pre-PhD support 


8.6 


48.0 


43.0\ 


0.4 


lOO.O 4073 


4189 


\18.B ,' 


72,6 


0.4 


8,2 


100,0 4269 


3993 




: 8. PhLr's <*lth post-PhD suoport 

9. Ph.*)'! with non-::iH post-PhD 
lupport 


3.B 
3.8 


68,7 
54,4 


27.2 
Ml,? 


\ 0.3 . 


100.0 1126 


690 
191 




82.2 
86,7 


0.1 


9.8 

3.9 


iOO.O 1190 
100,0 563 


626 
187 


L^16 

750 • 


10. Total— ?V»'s with post-PhD suppt. 


3.8 


64.0 


32,0 


0.2 


100.0 1685 


881 




83.6 


0,1 


7.9 


100.0 1753 


813' 


:566 


M, prt-:!D->no post* :^->no PhD 
12, 1*0 t.iH prtr*-!!)— ♦no .poat-MD— ► 

r.o r).-; 


3.7 
2.5 


9.2 
3.9 


2.3 
2.0 


84.8 
91.6 


100.0 574 
100.0 3447 


131 
759 




0,2 


17.2 

1 9.4 


46.7 
56.4 


34,0 
34,1 


100.0 647 
lUO.O 3859 


3i7 


705 
4206 . 


i3. Totil— ;::/s with no furthet suppt 


i.7 


4.7 


2.0 


90,6 


100.0 4021 


890 




0.2 


110.5 


55.3 


34.1 


100.0 4506 


405 


i?ll 


Ift, 'Mi{ prt'.V.t'^lW.l post-MD— ♦no PliD 

"15, :.*o ?re-:a)-*::iH post-::D-> 

no rSJ 


1.8 
2.5 


28,8 
t 

19.9 


6.1 
9.1 


63,3 
68.5 


100.0 605 
100.0 5856 


114 
1377 




0.2 


139.2 
38.4 


27.7 
39i4 


33.0 
22,2 


100.0 658 
100.0 6238 


61 
995 


719 
7233 


16. Totil— "-/i wtt'n po3t-:ilJ, 
no ?;t:j 


2.A 


20.8 


8.8 


«8,0 


ioO.O 6461 


1491 




0.1, 


38,5 


38.2 


23.2 


100.0 6896 


1056 


/952 


|17, Kilt pre-:i:j— ►no post -.'ID— ►PhD 

.13, :.*o pre-::D— >no ::iH post-Md-> 

PhD 

19, Mi: prt-;:D-*::iii post-:iD-*phD 
120^ :;o ::in pre-?rD-^::i;i post-:n)-^PhD 


12.0 
U.3 
9.9 


73.7 

44.0 
52,4 
54.5 


10.5 

20,0 
9.5 
20.7 


. 15.8 

24,0 
23,8 
14.9 


100.0 19 

100.0 25 
100.0 . 21 
100.0 121 


3 

4 
5 

'59 


17,9 
5,7 


40.9 

46,4 
42,9 
65.0 


14.3 
4.8 
4.9 


54,5 

21,4 
52,4 
24,4 


100.0 , 22 

lOb.O-' 28 
100.0 21 
lOO.O 123 


1 
5 

57 


22 

29 ^ 

ISO ' 


21, Total— rj'.j with Htj, no further 
' aunport 


9.7 


54.8 


Id. 3 


17,2 


100.0 ' 186 


71 


6.7 


57.2 


5.7 


30.4 


100.0 194 


63 


257 . 


22. ::o ::iH pre-::DAno riH po5t-:iD-> 

phu->::iii post :i>/Phu . 

^23, :*o pre-t^!)— »;;itl post-MD-* 

Phf--»::i;t post-::D/PhD 


3,3 


66.7 
41.7 


11.1 
8.3 


22.2 
41,7 


100.0 ' 27 
100.0 12 


13 
10 


3.1 


62.5 
64,3 


3,1 
14.3 


31,3 
21. .4 


.100.0 32 
100.0 14 


8 


40 
22 


^24. rotal--:V;'s with poit :iD/PhD 
1 ■■ aupportj 


2.6 


.59.0 


10.3 


2^,2 


100.0 39 


23 


2,2 


63.0 


6.5 


28.3 


100,0 46 


16 




t 

? Tr-TAl 

J . ^ 










41631 


40696 










43616 


38711 


82327 \ 



Vor H.D.'a vlthouC a B,A., year of B.A. waa approxlsated by aubtractlnt four froa year of M,D, 
^In thla table NIH support la defined aa full-Ciac aupport at an acadenlc laval. 
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tibii Ai (cwttauKi) ■ mmx m Aciivm tmmix mm mw i96e-7o. bt cohort akd miHHic pathvat 





Tftlnlng fichvijf^ 


, PRIHARV WORK A( 


;iivm 




TYPE OF KO-LOVER 


[f of W* 


ml 

\DHIH 


ml 

DEV 


T!ACH. 
INC 


PROF. 
SERVICES 
to INDIV, 


TOTAL mow 


UN* 

KNOWN 


BUS/ 
INOilS 


HED 
SCH/ 
UNIV 


SELF 


OTHER 


TOTAL )«OUN 




TOTAL In 
PAIWAY 


Totil, 
192S* 

- 19M 

t 


^* Ro prfFhD Bupport*->no PhD 
2, All with orc-?hf) suoDt^-^no PhD 


Z 

16.] 


I 

11 7 
iiJ 

32.6 


. : ' 

50.4 


I 

0.7 


I No. 
100.0 4144 
100.0 906 


16261 
48S0 


21.6 


% 

55.0 


X 

1 1 

X.J 

1.2 


I 

40,0 

20.1 


'! h, 
inn n ifl£& 

100,0 % 


4764 


5758 




17.9 


25.3 


56.3 


0.5 


100.0 50}2. 


21111 


26.5 




1.3- 


25,3 


100,0. m 


21305 


26163 


4. Ko pre*PhD"*PhDHno poit PhD 


25.7 


13.7 




4.0 

•< , V 


100.0 J0439 


84729 










ion n 


Aim 




5. Nil! prfPhD-4phD->no post PhD 

6. Iton-lllll pre-PhD-^PhD^^no poit 


11.3 
12.3 


52.S 

40.8 


35.4 
46.5 


0.8 
0.4 


100.0 1586 
,100.0 4899 


1434 

JvJJ 


15.5 
20.2 


,71.4 
71.6 


0.3 
0.5 


12.8 
7.7 


lOO.d 1753 
100.0 5018 


1267, 
4936 


' 3O20 
9954' 


/. IoUl*-PhD^8 with prc-PhO luppprt 


12.1 


43.7 


43.8 


0.5 


100,0 6485. 


6489 


19.0 


71.6 


0.5 


9.0 


100.0 6771 


6203 


12974 


8. PhD'i vlth I'.iw 9o^t*PhDjuppDrt 

9i PhD^s vUh non^^'II!.polt-PhD 
support 


7.6 
10.4 


61.2 
40.0 


30.8' 
49.5 


0.3 


1 

} 


00.0 2725 
00.0 2210 


1561 
876 


6.5 
5.2 


82.2 
90.5 


0.1 
0.1 


11.2 
4.1 


100.0 2875 
i'OO.O 2270 ' 


1411 
816 


4266 
3086 


10, Totil^PhD's with poJt'PhD suppt. 


6.9 


51.7 


39.2 


0.2 


iOO.O 4935 


2437 


5.9 


85.9 


0.1 


8.1 


100.0 5145 


2227 


7372 


lU mil pre*!1D-^no po5t-lfl)"^no PhD 
12. No Nlil pre-MD-^no pojc-HD-^ . 

no PhD 


i k 


i| 7 
2.4 


J 4 
2.0 


90.7 


1 
1 


C'.O 619 
00.0 20769 


135 
1915 


n 1 
0.2 


17 1 

if .1 
1 

7.1 


47.1 

73.1 


jj.j 

19,6 


inn n Mi 
100.0. 21368 


1315 , 


22683 ■ 


13, Total"!iD'j with no further suppt. 


4.8 


2.6 


,2.0 


90,6 


100.0 21387 


2050 


0.2 


7.4 


72.4 


20.1 


100.0 22062 


1375 


23437 


U. !tlK pre-lfl)-4i;i)| post-MD^no PhD 
15. NoKIil pre-lffi-^IIIH post-)!D-> 
no FhO 


2.2 
4.5 


28.5 
19.8 


6.2 

10. a 


63.1' 
65.0 


100.0 642, 
100.0 12476 


118 
3233 


0.1 

0,2 


39.6 
41.0 


27.9 
39.7 


32.4 
19.1 


,100.0 695 
100.0 12946 


65 
2763 


760 
15709 


16, TocaHtD'B vtch posc-HD, ■ 
no PhD 


4.4 


20.2 


10.6 


' 64.9 . 


100.0 13118 


3351 


0.2 


40.9 


39.1 


19.8 


100.0 1364U_ 


2828 


16469 


17. NIfl pre-J!D-^no tUll po!t-!lD-^PhD 

18. No NIH,pre«MD->no post^Kd^ 

PhD 

19. Ntll pre»HO-^;ai! posCc^iD-fPliD 
20^ So pre-:iD-^!IIII post-IID-^FhO. 


4.2 

15.7 
12.0 
14.5 


70,8 

32.7 
52.0 
49.4 


12.5 

10.8 
'16.0 , 
20.3 


12.5 

40.8 
' 20.0 
15.8 


100.0 ' 24 

100.0 223 
100.0 25 
100.0 449 


5 

17 
6 

Iki 


■ 3.6 
9.5 

mm 

3,9 


46.4 

40.5 
52.0 
71.3 


3.6 

26,1 
4.0 
6.9 


46.4< 

23.9 
44.0 
17,9 


100.0 28 

100.0 222 
100.0 25 
100.0 463 


1 

18 
6 
135 


■29 

' 240 
'31 
598 


21. ToTil-lVi with PhD, no further 


14.4 


45.1 


,16.9 


23.6 


100.0 721 


ni 


5.4 


60.4 


12.5 


21,7 


100.0^ 738 


160 


898 


22. Wolm pre-;iD-^no tllll poit-}ID-^ 
PhD-->IIIll post KD/Phi) 

21. No lilli pre*HD^N[I! post-HD^' 
PhD-t !:iH post'MD/PhD 


9.8 
9.7 


53.1 
50.0 


14.4 
9.7 


22.7 
30.6 


100.0 194' 
100.0 , , 62 


55 
33 


3.4 


68.8 
63,S 


6,3 

ll.l 


19,5 
25.4 


100.0 ^, 205 
100.0 63 


44 

32 


■ 249 
95 


24* Totil-MD'i with nil! post tID/phD 
lupport 


9.8 


52.3 


13.3- 


24.6 


100.0 256 


88 


2.6 


67.5 


,9.0 


20.9 


lOfl.O 268 


76 


344 


TOL\L . . 










. 142393 


120432 










' 147068 


115757 


262825 



Wami NIB Roster o( Triineei and Fellovi, 1938-72, Cbnprehenilve Roiter of Dbctoril SclinCliCi ind Eotlneiri, 1935*73, Ctnulitlvi Indix, 1952-71| 
CHR, HA'S/HilC; Nitionil Rt|lBter o( Scientific ind Technicil Perionnel, 1954-70, NSF; teglsttr of Licanied Fbyilciiai in thi United Stitti, 
1971, AMA; Ntdlcil School Faculty Roater, 1971, AAHC; NDEA Fellows, 1?S9*72, Office of Education, USDBEU; Voodrov Mllioo FiUowti 1958-69, 
Voodrov VUion Hitlooal Fellovihip Foundation; Dental. School- FaciilCT bater, 1971*72, AADS. 
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*For M.D.^i without i I.A,, year of l,A. wai approiliated by lubtracting four froi year of H,Di 
^Ifl thia table m lupport io defined an fuU-'tlfic lupport at an acadeslc levil. 



APPENtilX R 

THE METHODOLOGY USED IN DEVELOPING THE EQUATIONS FOR CHAPTER 5 

A. METHODOLOGY 

The equanions in -Chapter 5 were developed from a regression analy- 
sis in^ which variables measuring the flow of students through higher 
education (hereafter called tl^e dependent variables) were correlated 
with more than 50 variables measuring economic and demographic factors 
(the explanatory" variables). The data were in the form of annual 
values, i.e.,, time series for the period 1956-1970. 

Using the correlation matrix as a starting point, the estimating 
equations were developed from a stepwise regression- procedure, adding 
the best "explanatory variable at each step until no significant ex- 
planatory varJSK^es remain. The "besf variable is defined as that which 
makes the maximuTu contribution towards explaining the residual variation 
in the dependent variable. Variables which are non-signif;Lcant in the 
original correlation matrix may become significant at a later stage in 
the procedure and be included in the final equation. Conversely, vari- 
ables which are significant originally may become non-significant as 
additional explanatory variables are added to the equation. The step- 
wise procedure does not guarantee that the final' set of explanatory vari- 
ables selected for the equation is the "best" of all possible sets. This 
can only be guaranteed if all possible combinations of explanatory vari- 
ables are tested, while the stepwise method is a powerful tool for 
developing empirical relationships, a certain amount of subjectivity is 
necessarily involved in developing the final equations. In some cases 
the explanatory variable chosen for inclusion in the equation was not 
the best one m the sense of making the greatest contribution towards 
explaining the residual variation. Exceptions from this rule occurred 
when the best variable was highly correlated with other explanatory 
variables in the equation, or when the coefficient of the "best" variable 
was negative when a positive effect was to be expected. As. is usual with 
time series data, the correlations among all the variables tend to be 
higher than would ordinarily occur with cross-sectional data. This is 
partly due to the fact that each point in a time series tends to be rela- 
ted to previous points (autocorrelation), and partly due to trends in the 
series being compared. It^ i^ not u ncommo n to f ind severa l variables to 
be significantly correTated" over "time even "though there is no ap^rent 
connection between' them. Thus, correlations alone cannot be relied ui>on 
to determine if a true relationship exists between two time series. In 
developing the equations for this model, an attempt has been made to 
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Insure that the explanatory variables not only have statistically signifi- 
cant correlations with the dependent variable, biit also have logical cause 
,and effect relations, and have logical algebraic signs. 

This admittedly empirical approach can be contrasted with results 
obtained by taking a more conceptual approach to the problem. In the 
bioscience equations, an attempt was made to test several a_priori_ hypo- 
theses about the determinants of bioscience graduate enrollments and Ph.D. 
degrees. The results of those tests are reported below in the section on, 
Alternative Model's in the Biosciences. For the most part these alterna- 
tive models failed to produce results as satisfactory as the empirical 
approach. 

The predictive power of a regression equation is usually measured 
by r2, the proportion of the variation in the dependent variable account- 
ed for by its association with the explanatory variables. The time series 
data used to develop the equations in the model result in R values which 
are quite high; generally in the range of 0.8 to 0.9. jjOne should not 
place too much emphasis on the value of in weighing the merits of any 
single equation: — in many cases it merely serves to indlicate nothing more 
than that a "good fit to the observed "data has been achieved by the linear 
combination of explanatory variables. Other criteria are equally impor- 
tant in 'judging the adequacy of an equation which attempts to explain the 
behavior of a phenomenon. From a purely statistical point of view, the 
specification error^ is quite important and its avoidance tends to 
enlarge the nmnber of explanatory variables used in any equation. From 
a philosophical point of view, the principle of parsimony tends to mini- 
mize the number of explanatory variables used. Steering "a. course between 
this Scylla and Charybdis has been an important element of the methodology. 

In the equations that follow, the standard partial regression co- 
efficients, which under certain rather stringent conditions discussed on 
page 85, measure • the relative importance of each explanatory variable, are 
shown in parentheses under each variable. In general, the higher the standard 
partial regression coefficient (in absolute value), the greater is the relative 
importance of the variable. n 



Specification error covers the many different ways in which the function 
of explanatory variables specif ied' in an equation might fail to repre- 
sent the true relationship between the dependent and explanatory varia- 
bles. Variables omitted from the equation contribute to specification 
error if they actually do affect the ^dependent variable, as do variables 
whose form is not specified properly. For more complete explanation 
of~ specif ication error see J. Johnston, ^ Econometric Methods , McGraw- 
Hill, New York, 1963. • , 
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Aggregate Eguaclons (All Flelda Combined) ; 
co«££1c!Sm! ""der each variable are the standard partial regression! 

/ 

B.A;*« relative co the 20-24 year old population ; 

a) (BA/P)^ - -0.01 + 0.00433 + 8.20 x lO'^SA^^^ ; Z^ - ,95 

(0-99) (0.35) 

Graduate enrollmenca rela tive to B-A. '3 In the preceding vear r 
first-year full-time ; 



(2) ENXTTL./B 



l^^l-l - 0.133 + 1.66 X lO'^'SACE^^^ + 3.9A(PO) ; . .94 

(0.88) (0.27) 



Flrat-year part-time : 



(3) ENIPTL./B. 



r^i-1 " ^'^^^ ^'l^ X 10~^FRDSQ ; 



- .94 



(.97) 



rirat-year total: 



(4) ENITTL./B. 



t^h^X - 0.15 + 4.42 X lO'^'sAGE^^^ + 0.179($C/HS)^^3 • " 

(•99) (.10) 



Total graduate enrollments: 



(3) Einx^/B^_j - 0.732 + 5.19 x 10"*SACE^ ^ ; -2 



a - .95 



(.97) 



Ph.D.'s relative to average graduate enrollments for the last tliree vear.g : 

(6) ?HDTL^/E«^ - -0.018 + 3.19 x lO-W^,^ + 0.0230(SC/HS)^_^ + 0.010(5C/HS)^_^ 

^^•°i> .. (-^e) (.20) 

»^ - .93 
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B. AGGREGATE EQUATIONS I 

Table Bl shows dependent variables for the aggregate equations 
and the explanatory variables that were used. Table B2 shows the corre- 
lation matrix for some, of these variables. Since all the data were in 
the form of time series for the 1956-70 period, high correlations could 
result from strong trend components in the series rather than from the 
variations around the trend, which is really the vital factor in trying 
to specify cause and effect relationships. Therefore, Table B2 shows 
the correlations both with and without the linear trend component in 
the data. The correlations which fail to remain significant after the 
trend is removed are considered to be spurious. Of pourse those that 
remain significant could also be spurious, it being ^vell recognized 
that correlation does not" imply causation. But substantial and consis- 
tent correlations provide supportive empirical evidence to a hypothesized 
causal relationship. / 



1. Conclusions from the Aggregate Equations / 

It is evident from the correlation matrix/ that relative salaries 
alone cannot adequately explain the variation in relative degrees and 
enrollments. For example, the ratio of annual /incomes of individuals 
with four or more years of college to incomes lof high school graduates 
($C/HS) , is available from periodic surveys of the Census Bureau 
beginning in 1939. This ratio would seem yto be a logical candidate for 
explaining the behavior of the annual number of B.A. 's relative to the 
college age population. Yet as seen from Table B2 in no case was the 
correlation between these variables signifl/cant before removing the 
trend, and only with $C/HS^_^q was it significant after removing the 

trend. Absolute salaries, at least in thq' case o.f the ratio BA/P give 
much higher correlations. In the case of Ph.D.'s, no salary variable 
has a significant, and positive correlation with PHDTL/EN after the trend 
is rembved, indicating that the variation in relative Ph.D. production 
cannot be due solely to market forces as reflected by incomes. 

The standard partial regression coefficients may be used as 
measures of relative importance of the explanatory variables in the 
above equations with some confidence since the equations are 
relatively free of multicollinear effects-. In no case is the correla- 
tion among the explanatory variables significant; the highest observed 
correlation is 0.39 between $B and SA^.^^ in equation (1). 
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' Tahle Bl - nF.FlNITTOI OF VAPTAM.RS TMVOT.VXn TH mw, AnfiBFffATR FOUATTOMS 



IX?EHDENT VARIABLES 


DESCRII^tON 


KEAN 
1956-70 


STANDARD 
nEVIATION • 




Total number of BA's aw«u:ded in 
the year relative to the 
\1kS^ Population 20-24 vrs- old 


0.0378 


0.00516 


jeHlFTL^/Bj^_^ 


First year, full-time gr.iduate en- 
rollxocncs relative to BA's Id Che 
preceding year 


0^212 


0.0382 




First year, part-time graduate en- 
rollments rclollvft to BA's in the 
preceding year 


0.362 


0.0555 




First year total graduate enroll- 
ments relative to BA*s in the. 
preceding year 


0.57A 


0.0898 




Total graduate enrollments . relative 
to BA's in preceding year 


0.898 


0.107 




Total number of Ph.D. *s awarded 
in the i*^ year relative to the 
average graduate enrollments 
for the last 3 years 


0.0377 


0.002A6 


EXPLANATORY VARIABLES 








^ i 


Roal median salary of all profeos- 
ional and technical ^^-sonnol whose 
hlchest degree is a BA;** (thousands^ 
dc'f]iited by the CPI) 


10.39 


1.18 




Rrnl total frdcral aid to hlp.lier 
education. Includes al^ trainee- 
ships and feJIowstiips plus VA 
benefit.s for hiRher cducntion; 
($million.<i, deflated by CHI) 


7AA.5 


221.2 


1-1 


Heal to tal federal aid for s tudents 
xn graduate caucationi Ir.clurles all 
trainecships and fellowships plua 
lOZ of VA direct benefit payments 
to students in higher cducntion 
(lOZ is the estimated amount allo- 
cated to f*radiiAte education); 
($mlllion5. deflated by CPI) 


J18. 5 . 
125.2 


201. A 
77.7 


yC/HS| \ 

$c/nsj27 


Average annual income of cales, 
25 years and older with A or 
more years of college relative 
to those with high school only 


1.58 
1.59 
1.59 


0.0A97 
0.0A98 
O.0A89 


FRDSC 


Heal ledoraL fundu for rcccarch and 
development in science, ioid for 
R-fD pIjnt; <$ millions, defl/itcd 
by CPI) 


11.76A 


AS81.7 


PD 


Probability of obtaining /in edu- 
cational dcrcrmcnt from uiliLary 
service 


0.0O6A2 


0.00261 
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T>bl« B2 - CORRElJkTlON rtATRIX FOR THK OKPR N nKNT VARIABLES OF THE ACCT(eCATE EtflATIONS 
AWD SOME SELFCTED "F.XPUNATORY" VARIABLES 



Incoraet 
college 



ExpUnAtory Vmr tables 
EAtlo of AimuAl 
4 or aore ycArt 
high Achool 



$C/HS 



Rc Uclve 
lac-yr lull- 
Rjclo HK'm clmc* cr.iU. 
CO populadon . enrol lacnCt 



(BA/P20-24) 



w/o 

crend 




-.04 i 
-.01 

-.08 I 

-.15 ' 

-.13 I 
-.23 

-.18 I 

.52 ■ 



(ENlFTLi/ 
BA 



l-l 



DcpcnJonC Variable* 

T flimy 

coc.vv ncaJ 
:nca 



Rcladve 
Isc-yr pare- 
clmc gcaU. 
encollnenct 

(ENimi/ 

^l-l^ 



unadj 



w/o 
crcnd 



.53 


-.29 « 
-1.35 


-.19 


.24 


-.51 


-.09 


-.40 . 


-.67 


-.24 


-.41 


-.65 


-.27 


, -.30 


-.48 


-.46 


-.12 






.39 


"dl 




1 .19 


-.16 




unadt 



KadUn PhD/Median BA 
IncoM 

$PHDTL/$BATL 


1 


-.77 




1 

.09 i 


1 


(3) 


(2) 


.53 




.36 


.45 


.00 


MedUn MA/MedUn BA 


1 






1 


















IncoM 

$HATL/$BATL 


-.09 1 


-.02 


-.U 


-.06 1 


-.04 


.11 


-.07 


.04 


-.04 


.13 


-.13 


-.09 


Faculty salaries/ 
Median Professional 


























Mlarlea 


-.56 


-.66 


-.03 




^.13 




-.09 




-.13 




-.20 


.01 


Real median profession- 
al Income, all levels 




-.78 




-.27 


o 






.29 


(2) 


.01 




-.39 


Real median PhD Income 
$PHDTL 




-.78 




-.12 


(® 




CD 


.35 




.15 


CB) 


-.51 


teal median HA Income 
$MATL 




-.13 


\(;^ 


-.26 


! 'V 

Ci6) 


.13 




-.08 ' 




-.06 


(3) 


-.51 


teal median BA Income 
$BATL 


(Hi) 


-.12 


1® 


-.35 


! Cl6) 


.01 




-.21 


® 


-.29 


CB) 


-.68 


teal disposable Income 
(BDSPIN^^) . 








.04 


■ 


' -.75 




-.45 


(2) 


-.17 




.37 


Real federal R & D In 
sclehce 




i -.81 




-.07 








.47 


o 


.20 


.52 


-.29 


FR'>SC 
Real scudenc aid to 
graduace educaclon 

p.. 


09} 


'■ -.84 
' -.65 
.35 
) .41 


i C89) 
! ^821 


.4^ 


CIS 


..n 

-.35 


' 


.19 




.39 
09 


I 

CO) 


07 



circled «.lu« Indlcte .IgnUle.nc *nd positive eorrcUclon. 

Xh. .-bscrlpc 1 1. u..d CO denoc. Che v.,ue of the v.rUbl. In ch. Uh ye-r 
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C. DISCUSSION OF BIOSCIENCE EQUATIONS 



In equations (7) through (10) bioscience graduate enrollments 
relative to total graduate enrollments are dependent primarily on the 
NIH training and fellowship programs, medical school enrollments, and 
federal research in the life sciences and physical sciences. 

Table B4 shows the correlations between the* dependent variables 
in the bioscience model and some selected explanatory variables. These 
correlations were computed from the data with and without a linear trend 
component in order to detect those relationships due mainly to the trend 

For the biosciences, a longer than normal series of income data 
is available because of a special survey of bioscientists conducted by 
the National Science Foundation in 1951.2 with these data it becomes 
possible to test hypotheses about the influence of bioscientists' 
income ratios with various time lags on relative graduate enrollments 
and Ph.D. production in the biosciences. The income variables used are 
ratios of median annual income of bioscience Ph.D.'s relative to all 
Ph.D.'s ($PHDBI/$PHDTL) ; and ratios of annual incomes of bioscience 
Ph.D.'s relative to bioscience B.A.'s ($PHDBI/$BABI) . In Table B4 
these income ratios are seen to have some weak but significant correla- 
tions with the dependent variables using the unadjusted data. After 
removing' the trend, hcwever, all but one of these become non-significant 
indicating that the original correlations resulted more from the trend 
component than from the inherent variation in the two series. Relative 
federal aid to bioscience students (NIHTF/SAGE) exhibits much higher 
correlations, most of which remain strong after trend is removed. This 
evidence supports the hypothesis that relative bioscience graduate 
enrollments and Ph.D, production react primarily to student aid varia- 
bles. Further evidence is obtained from equations (7) to (11) where 
the explanatory variables represent the best set that could be found in 
this study to account for the behavior of the dependent variables. 
Among this set, relative student aid to bioscience consistently explains 
the major portion of the variation in relative enrollments and Ph.D. 
degrees . / 

The standard partial regression coefficients are fairly reliable 
indicators of the relative importance of each explanatory variable in 
all the bioscience equations except (7), where the significant correla- 
tion between (NIHTF/SAGE) ^ and (NIHTF/SAGE) (r = 0.73), suggests 



^ Manpower Resources in the Biological Sciences , National Science 
Foundation, Washington, D. C. , 1955. 
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Bloaelenee Equations 

V«ltte« in parentheses under each variable are the standard partial regression 
coefficients . 



Graduate enrollments In bioscience re lative to total graduate enrollments; 
ytrst-year full-time ; 

(7) (ENlFBI/ENira), - 0.0A69 + 0.0361(NIHrF/SAGE)^_^ - 4.25 x lO" (MDENR) 

^ (.70) (-0.65) 

2 

+ 0:0210(NIHTF/SAGE)^_3 + 0.0A08(R^p/Rj)^ : » « 

(.48) (.23) 

Tlrat-year part-time ; 

(8) (ENIPBI/ENIPTL)^ - 0.00637 + 0.0185(NIHTF/SAGE)^_3 + 0.0123(NIHrG/SAGE)^ ; ^^-.87 

(.78) (.28) 

Tirst-year total ; 

(9) (ENITBI/ENITTL)^ - 0.0156 + 0. 0264 (NIHTF/SAGE) - 1.52.x 10"(MDEHR)^ 



(1.06) (-0-«2) 



+ 0.0343(Rj^p/Rj)^ ; - .85 

(.34) 



Total graduate enrollments In bioscience: 

(IC) (ENBI/ENTL)^ - 0.034A + 0.0278(NIHTF/SAGE)^_3 

(.94) 



- .89 



fh.P.'s In bioscience relative to all Ph.D.'s; 

(11) (PHDBI/PHDTX)^ - 0.0774 + 0.0257 (TFBI/TEn.) + 0.0749 (R^/R^)^; R - .77 

(.68) (.37) 

\ 
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TkbU B3 - PEFIHITIOW 'OF VARIABLES INVOLVED IN. THE BIOSaENCE EQUATIONS 



; MEAN STANDARD 

DEPENDED VARIABLES DESCRIPTION 1956-70 DEVIATION 



(KHIFBI/ENIFIL)^ 

• 


First year full-clme graduate en- 
rollments In bioscience relative 
to total £lxst year full-time en- 
rollments 


O.0599 


0.00482 


(DOPBI/ENIFTL)^ 


First year part-time graduate enroll- 
cent? in bioscience relative to total 
first year part-time enrollments 


O.0194 


0.00259 


(EHmX/ENlTtL)^ 


First year graduate enrollments In 
bioscience relative to total ftrsc 
year enrollments In all fields 


0.0342 


0.00269 


OMTL)^' 


Total graduate enrollments in bio- 
science relative to total graduate 
enrollments in all fields 


0.0466 


0.00323 


(PBDBI/PHDTL) ^ 


Number of bioscience PhD's relative 
to total number of PhD's produced In 
the school year ending In year 1 


0-115 


0.00605 


.EXPLANATORY VARIABLES 








(HIHTF/SACE)^^^ 
1CHIHTF/SACE)^^2 


HIH appropriations for training 
grants and fellouships relative to 
total federal aid for graduate stu- 
dents in the 1^^^ fiscal year; ($/$) 


0.457 
0.439 


0.0939 
0.110 


(KIHTC/SAGE)^ 


NIH appropriation for training grants 
relative Co total federal a^d for 
graduate students in the 1^ fiscal 
year; ($/$) 


0-393 


0.0603 


MDENR. 
1 


Enrollments in medical schools in 
the school year ending In year 1 


8703.2 


742.6 




Federal funds for research In the 
life sciences and physical sciences 
relative to total federal funds for 
research in fiscal year i; ($/$} 


0-592 


0.0272 




Federal funds for research .in the 
life sciences relative to total, 
federal funds for research la fis- 
cal year 1; ($/$) 


0.267 


0.0298 


TTBI/TFTL^^^ 


Federal expenditures for trainee- . 
ships and fellowships In biosci- 
ence relative Co total federal 
expenditures for crainei.^hlps and 
fellowships in all fields; ($/$) 


0.667 


0-161 
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B4 > CORRELATION MATRIX FOR THF- DEPENDENT VARI Al^^FS OP THE BIOSCIENCE. EQUATIONS 
AND SOME SELECTED "EXPLANATORY" VARIABLES ^ . 



DependcnC Variables 



Explanatory Variables 


Relacive Isc-yr 
full-cime grad. 
enrollments 
in Bioscience 

[ENIFBI/ENIFTL). 


Relacive IsC-yr 
parc-cime grad. 
enrollments 
in Bioscience 

[ENIPBI/ENIPTL)^ 


Relacive Isc-yr 
cocal grad. 
enrollmencs 
in Bioscience 

[ENITBI/ENITTL)^ 


Relacive 
cocal grad. | 
enrol ImenCs 
in Biosci. 

(ENBI/ENTL)^ 


Relativ 
produce 
in Bios 

FHDBI/I 


e PhD 
ion 

cience 


Median Blosclenc 
PhD Income re la I 
to median Incomi 
all PhD*s 

( 

($PHDBI/$PHDTL)< 

1 


:e 

:ive 


unadj 


crend 


unadj 


V/0 
crend 


unadj C 


v/o 
rend 


Linadj 


crend 


unadj t 


.rend 


5 of 

)i-2 
K-3 
i-4 


-.11 
-.48 
-.72 
-.80 
-.73 
-.63 


-.38 
-.61 
-.75 
-.80 
-.72 
-.66 


. .47 
.02 
-.36 
-.62 
-.66 
-.68 


-.35 
-.53 
-.69 
-.82 
-.71 
-.55 


.30 
-.10 
-.43 
-.62 
-.63 
-.63 


-.31 - 

-.61 
-.69 
-.60 
-.50 


i 

.01 
-.41 
-.67 
-,81 I 


.09 
-.15 
-.51 
-.71 
-.76 


-.82 
-.48 
-..07 
.38 


-.59 
-.24 
.05 
.45 
.51 
.41 


Median Bioscience 
PhD income relaclve 
CO median bioscience 
BA Income 

($PHDBI/$BABI)< 

p 

U-5 


.17 

'sVio) 

.08. 

.02 
-.21 
-.53 


.13 

-.06 
-.15 
-.44 
-.78 


.08 


.08 
.23 
-.17 
-.08 
-.33 
-.70 


.47 
.39 
.43 
.49 
.30 
-.04 


-.04 
• .26 
-.09 
.11 
-.15 
-.56 


V.69: 
(.54j) 
.27 


.44 
.16 
.19 
.24 
.03 
-.32 


-.77 
-.69 
-.67 
-.63 
-.44 
-.32 


-.45 
-.19 
-.16 
-.14 
-.13 
.20 


NIU Traineeship and 
Fellowship appro- 
priacions relacive 
CO total aCudenC aid 
to graduace educacior 

fu 

(NIHTF/SAGE) ^ ^"^ 


.52 

CM) 

.47 
.36 


^54) 
.86" 

Tsi. 


■Isoj 

.87) 

790^ 


.46 

•:.8o3 

'.78) 


.48 
.83) 

^ c;84"^ 


.28 

{JQj 
<.75, 
:.79"i 
..~72^ 


.38 

r34^; 
•.92'^ 
•^82; 


-.01 
.48 

& 

\ •.•84" 


-.40 
-.43 
-.72 

1/. 
-. /fc* 

-.65 

-.61 


-.05 
-.19 
-.54 

-.16 
.14 


Fed. funds for re- 
search in life sci. 
relacive Co Cocal 
federal research 

PifJ^/FRTOT 


-.58 


-.58 


-.44 


-.54 


-.44 


-.46 


-.53 


i 

i 

' -.66 






Fei^traineeship & 
fellovship expendi- 
cures in Bioscl. re- 
Iccive CO cocal fed. 
train fel. expend 

" (TFBI/TFTL) < 1-1 
Cl.2 


-.27 
-.13 
.03 


-.41 
-.03 
-.35 


-.81 
-.69 
-.52 


-.52 
-.02 
.51 


-.63 
-.50 
-.35 


-.44 
.00 
.41 


-•87 
-.81 
I-.69 


I-.76 
ll - .52 

r-.i2 


.74 

..69? 


.60. 
.34 
.18 



Circled values indicace significanc and posicive correlacions 

The subscripC i is used Co denoCe Che value of Che variable in Che ich year 
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caution. None of the other equations had any significant correlations 
among the explanatory variables so the regression coefficients are 
generally stable, and the standard partials are more reliable measures 
of relative importance. 

^^ 

The influence of the NIH training grant and fellowship programs 
appears to be spread over at least three years from the time the funds 
are appropriated, and a more sophisticated handling of the lag problem 
than was attempted here could be devised to show the impact of each 
year's NIH training funds on graduate enrollments. Further development 
of the model would include such refinements to this distributed lag 
problem, but these would require more time and resources than are 
available atpresent. 

Although (NIHTL/SAGE)^_2 included in equation (1), the 

implications in the data are that (NIHTL/SAGE)^^^, (NIHTF/SAGE) ^_2> 

(NIHTF/SAGE)^_2 share in this influence.-^ This seems reasonable in 

view of the fact that a fellowship award from NIH has usually meant a 
three-year commitment of support. And since an NIH awardee is allowed 
one year before activating his fellowship award, it is not unreasonable 
to expect at least a one-year lag between the funding variable and its 
effect on enrollnents. On the other hand, training-grant support alone 
(NIHTG/SAGE) seems to have an immediate impact which shows up mainly in 
first-year, part-time enrollments. 

The effect of medical school enrollments in reducing the number-, 
of bioscience graduate students is especially noticeable with first-year 
enrollments. 



■^Since (NIHTF/SA0E)^^2" highly correlated with (NIHTF/SAGE)^^^' 

with (NIHTF/SAGE) ^^j^, the inclusion of all three explanatory variables in 

the same equation causes statistical problems. In this case (NIHTF/SAGE), 
is not statistically significant when included with the other two, which 
is the same as saying that the inclusion of (NIHTF/SAGE) ^_^2 no 

information beyond that contained in (NIHTF/SAGE) and (NIHTF/SAGE) 

Fortunately, the correlation between (NIHTF/SAGE) and (NIHTF/SAGE)^^^' 

although significant, is not high enough to prevent their joint use in 
the same equation. This is a problem in distributed lags, and perhaps a 
better means of handling it than attempted here could and should be 
devised. (See for example J. Johnston, o£. cit > , chapter 10.) 

\ 
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D. ALTERNATIVE MODELS FOR THE BIOSCIENCES 

The five bioscience equations were generated under the hypothesis 
that graduate enrollments and degrees were related to that combination 
of explanatory variables which explained the maximum amount of the var- 
iance in the dependent variables while providing logical relationships, 
with appropriate algebraic signs, and avoiding multicollinearity where 
possible-. Of course many other hypotheses could have been used, and a 
comparison of the equations developed under alternative hypotheses ' with 
those in the model provides some insight into results obtained from taking 
other approaches to these data. The five bioscience equations were 
developed under eight other hypotheses about the behavior of bioscience 
enrollments and degrees and the results are summarized in Table B5. 

Alternative hypotheses Al and A2 assume that relative bioscience 
enrollments and degrees are dependent only on relative salaries of bio- 
science Ph.D.'s. Under Al, the single best salary variable was used in 
each equation, and under A2, the best combination of -salary variable was 
used. A very unsatisfactory model results in either case. The salary 
variables alone, although statistically significant, do not explain much 
of the variation in bioscience enrollments and Ph.D. degrees. Furthermore, 
most of the salary variables have negative coefficients which would imply 
that a reduction in relative salaries of bioscience Ph.D.'s tends to 
increase relative bioscience enrollments and Ph.D. s. 

In hypotheses A3 and A4, the dependent variables in bioscience 
are assumed to depend only on research funds, and these do a fair job 
of explaining the behavior of the dependent variables. Hypothesis A3 
generates the second highest r2 per variable, but one equation contains 
an illogical sign. 

Under hypotheses A5 and A6, student aid variables alone do a 
better job than either salaries ar research funds alone. Hypothesis A5 
gives the highest R^ per variable, with no illogical signs. 

In hypothesis A7 relative salaries, research funds, and medical 
school enrollment variatiis explain a respectable 80% of the variation 
with nine explanatory variables, but two of these have illogical signs 
(i.e., relative bioscience Ph.D. salaries, and federal research and 
development funds relative to total federal research funds, have 
negative coefficients, indicating that these variables are inversely 
related to bioscience enrollments) . Adding student aid variables to 
the ev^lanatorv set, as in hypothesis A8 , improves the fit to 91% of 
the variation,' but requires 16 explanatory variables, six of which have 
illogical signs. Three of the variables with illogical signs are 



137 

173 



I 



. TABLE B5 - SUMMARY OF VARIOUS HYPOTHESES 
TESTED IN BIOSCIENCE 



Hypothesis 

A« Helatlve Bioscience Graduate 
Enrollmencs ar.^ .^hD Degrees 
are Dependent on: 


2 

Average R 
for the 3 
equations 
(R^ measures 
che goodness- 
of-fic CO che 
observed daca) 


Tocal number 
of explana- 
Cory .varia- 
bles in Che 
5 equacions 


R^ per 
variable 


Number of 
nonsigni** 
ficanc 

variables 


Number of 
variables 
vicn 

illogical 
signs 


Al« Relative salaries of bioscience 
- PhD' a (using che single besc 
salary variable in each equation) 


0.57 


/ • 5 


.11 


0 


5 


A2. Kalacive salaries of bioscience 
"PhD's (using che besc combina- 
tion in each equacion) 


0-67 


9 


.07 


0 


7 


A3. Federal funds for research (using 
the single besc research variable 
in each equacion) 


0.67 


5 


.13 


0 


1 


A4;, Federal funds for research (using 
the besc combinacion in each equa- 
tion) 


0-76 


8 


.09 


0 


2 


A5. ScudenC aid variables (using che 
single besc scudenC aid variable 
in each equacion) 


0.76 


5 


.15 


0 


0 


A6. ScudenC aid variables (using che 
besc combinacion in each equacion) 


0.85 


11 


.08 


0 


5 


A7. Relacive salaries of bioscience 
FhD*8, research funds and medical 
school enrollmencs 


0.80 


9 


.09 


0 


2 


A8. Relacive salaries of PhD's» re- 
search funds, medical school en- / 
rollmencs and relacive scudenC 
aid CO bioscience 


0.91 


16 


.06 


0 


6 


' A9. The besc combinacion of explana- 
tory variables^ rejeccing chose 
with illogical signs » and avoid- 
ing nulcicollinearxL^* where possi- 
ble* (This is che mechodology used 
to 'generate Che equacions in che 
«K>del.) 


0.87 


12 


.07 


0 


: 0 
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salary variables, one is a student aid variable, and two are research 
variables. ^ . 

Hypothesis A9 is the one under which the equations in the model 
were developed. The explanatory variables were added sequentially 
starting with the one that generally had the highest correlation with 
the dependrent variable. Other explanatory variables were added which 
contributed significantly to r2, which were logically related to the 
dependent variable with -the proper sign, and which were not too highly 
correlated with other explanatory variables already selected for the 
equation. This procedure gave equations which explain an average of 
87% of the variation in the dependent variables with a total of 12 
explanatory variables, all of which are statistically significant and 
have the logically correct signs. These equations, even though they 
do not give the highest r2, appear to be the most satisfactory set from 
the standpoint of their overall* statistical and rational properties. 

E. DISCUSSION OF PHYSICAL SCIENCE AND ENGINEERING EQUATIONS 

The complete set of equations for enrollments and Ph.D. degrees 
in physical science and engineering are presented in equations (12) 
through (16). ^ 

Relative first-year full-time and total graduate* enrollments in' 

physical science and engineering behave very similarly, and appropriately 

are explained by the same set of variables. These include a salary 

variable ($PHDCH/$PHDTL) , a research funds variable (R /R ) , a student- aid 

P t 

variable (TFPE/TFTL), and the medical school variable (MEDAPP) . The salary 
varirble ranks ahead of the student-aid variable in terms of its impact 
on first-year full-time enrollments, but they are about equal in impact 
on total graduate enrollments. 

The highest correlation among the explanatory variables in 
equations (.12) through (16) is -0.66 between (MEDAPP)^ and (TFBI/TFTL) ^^^^^ 

in equation (13). There are no other significant correlations among 
this explanatory set. 

The physical sciences and engineering are influenced to a certain 
extent by the proportionate amount of traineeship and fellowship money 
available to these fields (TFPE/TFTL) , but some additional influence is 
seen to come from what are normally considered to be bioscience funds, 
(NIHTF/SAGE) and (TFBI/TFL) . This is an interesting result because it 
lends empirical evidence to the interrelationship between the biological 
and physical sciences. While bioscience training funds seem to affect 
physical science and engineering enrollments, the relationship does not 
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Phy«lc«l Science and Engineering Equatlona 

ValiMst la parentheses under each variable are the standard partial regre38lon\| 
coaffldents , . \ 

Graduate enrollments In physical science and engineering'' relative to total graduate enrollments ! 
Flrst'-year full'-tlnc ; 

(12) (ENIFPE/ENIFTL). - 0.332 + 0.420($PHDCH/$PHDTL), + 0a64(R /R ). 

L 1 p C X 

(.49) (.19) 

- 4.53 X 10"^(MEDAPP)j^ + 0.133(TFPE/Tm)j^^^ ; • .99 ^ 

(-0.51) / (.38) 

First-year part-time ; 

(li) (ENIPPE/ENIPTL). - 0.0182 + 0. 0564rt:FBI/TFTL) . , + 0.18l(R /RJ. 

1 / 1—1 pel 

(.05) (.29) 

/- 2.67 X 10"^(MEDAPP)^ ; « .96 

(-0.42) 

First-year total ; 

(14) (ENlTPE/ENlTTL)j^ - -0.155 + 0. 213 ($PHDCH/$PHDTL)^ + 0.212(Rp/R^)^ 

(.34) (.33) 

- 3.90 X 10"^(MEDAPP)j^ ; R^ - .97 
(-0.62) 

Total graduate enrollments In physical science and engineering ; 

(15) (ENPE/ENTL)j^ - -0.108 + 0. 2lO($PHDCH/$PHDTL)^ + 0.158(Rp/R^)^ 

(.35) (.26) 

- 3.60 X 10*^(MEDAPP)^ + 0.0865(TFPE/TFTL)^^^ ; R^ - .99 

(-0.60) (.35) 

Ph.D. 's In physical science and engineering relative to all Ph.D.'s ; 

(16) (PHDPE/PHDTL)j^ - 0.0176 + 0.107(NIHTF/SAGE)^^^ + 0.0942(TFPE/Tm)j^^2 

(.65) (.45) 



0160($F/$TL)^ ; R^ - .92 



(.27) 

lAO 

17() 



Table B6 - DEFINITION OF VARIABLES INVOLVED IN THE PHYSICAL SCIENCE 



AND ENGINEERING EQUATIONS 



MEAN STANDARD 

DEPENDENT VARIABLES DESCRIPTION 1956-70 DEVUTION 



(BNIFPE/ENIFTD^ 


First year full-cime graduate en~ 
rollmencs in physical science and 
engineering relative tO' total first 
year full—time enrollments 


0.175 


0.0251 


(ENIPPE/ENIPTL)^ 


First year full-time graduate en- 
rollments in physical science and 
engineering relative to total part- 

tltttp fffSiliiAtp pmrollmpnr^ 


0.127 

\ 
1 


0.0183 

f 


(ENITPE/ENITTL) ^ 


First year graduate enrollments in 
physical science and engineering 
relative to total first year gradu- 

A pnrol Impn r<i In all f1plrf<i 


0.145 


0.0184^ 


^EMPE/ENTL^ 


cal science and engineering relative 
to total graduate enrollments in all 
fields 


0.177 


n ni7A 1 

/ i 


(PHDPE/PHDTL)^ 


Number of PhD*s in physical .science 
and engineering relative to total 
PhD*s in all fields produced in , the" . 
school year ending in year^*--"^ 


^•.281 


0.0155 \ 

1 

I 
\ 


EXPLANATORY VARIABLES 








fSPHDCH/SPHDTL^ 

<? . 


MpH i it nniia 1 ■^nlai'v nf PhT^ oHptti^ c r q 
f^icuxdii diiiiudx sttxxaLy \J l ttXlJ ^tlculXdLSt 

relative to median salary of all PhDs; 

'($/$> 


1.075 


\ 

/■ ■ 


0.0293 


(NIHTF/SAGE)^_^ 


NIH appropriations for training 
grants and fellowships relative to 
rorjil fpHpfal aIH fot* Ofarfiiarp 
dents in the 1^^ fiscal year; ($/$) 


0.457 




0.939 


MEDAPP^ 


Number of applicants for medical 
school In school year ending in year 1 


17299. 


1 


2844.96 


^TPPE/TFTI ^ 
(TFPE/TFTL) 


Vo/i oval ovnon/IH t yoc T ny ^ y a ^ r\o oaV\ A nc 
rcQCLcl'. CXpcnuXLULca LUL L L cl XilC C9(t X|J9 

and fellowships in physical science 
and engineering relative to total fed- 
eral expenditures for ttalnceships and 
fellowships in all fields; ($/$) 


0.208 ■\ 
0.202 


n 071 ? 
0.0739 


(TFBI/TFTL)^^^ 


Federal expenditures for traineeships 
and fellowships in bioscience rela- 
tive to total fo4cral expenditures 
for traineeships and fellowships in 
all fields; ($/$) 


0.667 

1 


0.161 


($F/$TL) ^ 


An index of faculty salaries, pre- 
pared by the American Association 
of University Professors, relative 
to the median annual salary of all 
scientific and technical personnel 
measured in $ thousands 


I 

12.21 

\ 


0.260 . 

/ 




Federal funds for research in physi- 
cal science and engineering relative 
to total federal funds for research 
in fiscal years; ($/$) 


0.651 


0.0290 
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seem .to be reciprocal. These data provide no evidence that physical 
science and engineering . training funds have any impact on bioscience 
eniollments, although there is evidence that research in the physical 
sciences does provide some support for bioscience graduate students. 

Table B 7 shows how the dependent variables correlate individually 
with some of the explanatory variables. ■ 

F. FURTHER TESTS OF THE MODEL AND SOME OF ITS LIMITATIONS 

! * 

As a further check on the. validity of the equations in the model, 
some additional tests of the bioscience and physical science. equations 
were run. Hypotheses were sat up to see if the bioscience explanatory 
variables used in tha» model could provide as good d fit to the physical 
science and engineering dependent, variables, and conversely , if the 
explanatory variables in physical science and engineering provide an 
equally good fit to the bioscience dependent variables. If this inter- 
change of explanatoryyvariables were toj provide satisfactory relation- 
ships in both cases, then one would suspect that the explanatory variables 
in the model do not really represent the causal factors for the effects 
they are attempting to explain, since they work equally well for a 
different set of effects.. However, as the results show, when the 
variables are interchanged, their explanatory power deteriorates signi- 
ficantly. Under hypothesis I (that the bioscience explanatory variables 
could explain the behavior of the- physical science enrollments and 
degrees), the average r2 for the physica;! science equations drops from 
0.96 in the model to 0.55, with seven non-significant variables and 
seven illogical signs. Under hypothesis! II (that the physical science 
explanatory variables could explain the bioscience enrollments and 
degrees) the average R^ for the bioscience equations drops from 0.87 
in th^ model to 0.73, with twelve non-significant variables and six 
with illogical signs. 

In summary, it would appear that the methodology used to generate 
the equations in the model gives results which are at least as defensible 
as any of the alternatives examined here. This certainly does not mean 
that no better expl-anations for the behavior of the dependent variables 
can be found. jThere are always problems with the accuracy and ^con- 
sistency of the! data; certainly so' e of the variables were estimated 
very crudely. [Perhaps important vs -iables were not included in the 
analysis, or the variables should have been structured differently. 
The fact that the analysis deals with time series data leads to problems 
of autocorrelation, for which nc correction was made, and the handling 
of the lagged variables could certainly be improved upon. Verification 
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i»»i»i'nilrnt V.ir iaf» J i"» 


/ 


\ 


KclaLlv* iKt-yr 
fu'll-tlne K^ad. 
t nmlltm nts In 
Physical Scl. 
L Ln^lnberlnK 


Ki-Utivc Ist-yr 
part-time ftrad. 
tnrol Imi nln In 
I'hyslcal Scl. 
& hnKlrtbcrlng 

(LNIPPL/I-NIPTL)^ 


kclatlvc Ut-yr 
total grad. 
i-nrol ln>i nt h In 
Physical Scl. 
& Ln^lnccrlng 

(ENITPE/ENITTL)^ 


j Ktlatlvc 
1 total grad. 
! rnrol Irot nt^f 

In Phys. Scl 
1 & Lngln. 

i (e::pe/i:ntlj^ 


Relative PhU 
proOuc t Ion In 
Physical Scl. 
& Engineering 

(PHbPli/PHUTL)^ 


Explanacocy V'*rl«ble8 


unud j 


w/ o 
t rend 


unadj 


w/o 
trend 


unadJ 


w/o 
trend 


( 

j unadJ 


w/o 
trend 


unadJ 


w/o 
trend 




KlVkL 


.21 


-.12 


. 36 


-.54 


♦ 35 


-.25 


,12 


■ -.28 


-.59 


-.43 


Medlcn Ipcomes 


PhO*S 






.48 


.10 




.50 


' Cm) 


.47 


-.12 


.18 


of ChMnsts 


(S.'-IACH) 


-.16 


.31 


-.59 


.06 


-.46 


.23 


1 

' -.19 


1 . 

■ .30 




.16 




BA*5 

($EACH) 


.OS 


-.68 


.58 


-.71 


.40 


-.77 


1 .04 


1 -.75 


-.76 


-.83 


« H«dl«n Incooe of 
Cheralsts relative 


TOTAL 
fSCH/STLl 


.21 


-.12 


.3'6 


-.54 


.35 


-.25 


! ,12 


1 


-.59 


-.43 


PhD'S 
(SPHPCH/SPHDTLV 




i'T6r, 


.48 


.10 




.50 






. 12 


.18 


to ov«r«lL median 
income 


MA'S 1 
(SMACH/$MATLy -.16 


1 .31 


-.59 


.07 




.23 


-.19 


1 .30 


.44 


.16 




EA'S 
(SBACH/SBATL) 


.05 


-.68 




-.71 


.40 


-.77 


.05 


-.75 


-.87 


-.83 


^ Hcdl«n Incooe of 
\ PhD & MA ChenistB 


PhD's relative 
CO BA's 

(SPHDTH/SBACH) 


.53 




-.06 


.46 


.19 




.45 








reUclve to BA 
Chemists 


ma's relative 

to BA's 
(5MACH/$BACH) 


-.14 


.52 


-.66 


.35 


-.49 


.50 


-.16 






.47 


Faculty salaries relacive 

to median professional 

Incooe ($r/STL) 


.20 


-.0. 


.50 


.49 


.42 


.20 


1 

1 .40 


.23 


\ 

.27 




i-1 

KIH Tralneeshlp and \ > 
Fclloyahlp appropriations (NIHTF/SACl) ^ 
relative to total student I.3 
aid to graduate education 

11-4 
\ i.5 


... 

.46 

-.04 
-.24 
..38 


(2) 

cS) 

.43 


-.46 
-.25 
-.36 
-.53 
-.70 
-.83 


.17 

(® 

C3 

..49 


-.19 

-.14 
-.37 
' -.56 . 
-.70 


@) 
.51 


.12 

.40 

.25 1 

.00 : 
-.22 
-.39 


d?) 

C3)i 

<S) 


.48 

(3) 


.28 

(3) 

^89) 

(Si 

(® 


Federal traineeahlp and 
fellowship expenditure* 

In physical science and i-l 
engineering relative , , - ( 
total federal tralneeihxp (IFPE/TFTL) J 1-2 
& fellowship expenditure* ( 


.34 
.08 
-.22 


CJ?) 

^ ! 


-.22 
-.33 
-.45 


(3 
(S) 


-.01 
-.20 
-.40 


.34 


.34 
.14 
-;14 1 


'"""1 

.35 ! 


(3) 


(3) 


Federal tralneeshlp and 

fellowship expenditure' ^ 1-1 
In bioscience relative to x ) 
tot.l federal tr.lrceshlp ("BI/TFTl,) . 1-2 
& fellowship expenditures t^_3 


.38 
.52 


-.47 ^ 
-.01 ' 
'.39 ! 


(^3) 
@ 


'-.55 
-.29 
-.11 


^80* 
— '—t 


-.54 
-.08 
.26 1 


• i ■ 

.3a ! -.59 
@\ -.14 

.26 } 


-.58 
,-.59 

-.49 ; 


-.59 
-.30 * 
-.01 


Federal funds for '•-^^rcH 

in the Physical sclMces (FRPH/FRTOT) 

relative to total f/leral 

research ^ 


.13 


i 


-.38 




-.19 


) 


f 
\ 
1 

.14 


\ ' 
— " I 


1 




Kcdlcal school appli;cants (MEDAPPJ 


-. 7** 


-.7]' 


r-85 




-.90* 


-.65* 


-.8i 


-.74 


.13 ' 


-.69* 


Total federal funds for 
research 




-.47 


i 

.45 


-.88 




-.79 ' 




-.49 








SIH training cranes rela~ 

tlve ttf tDt.il st*ulcnt aid (NIHIC/SACK 1 ' 

la graduate education 






.21 


1 
1 

.28 . 


.46 . 








.26 : 


.40 


Circled valutis InilliMtf slcnll ly^nt 


k ro I at Ions wit h t ho 




correct sltn. 















The subscript i la used to denote the value of the variable In the 1th year. 
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considered. However at this stage, the model serves its main purpose 
which is to find a. set of variables which are closely correlated wi,:h 
graduate enrollments and Ph.D, degrees and conceivably could represent 
factors having a causal influence on them; There is substantial statis- 
tical evidence to support the hypothesis that federal student-aid programs 
had a significant impact on graduate enrollments and Ph.D. degrees during 
the 1956-70 period/ especially in the biosciences. The evidence is found 
in the fact that we can adequate:.y "explain" the behavior of the dependent 
variables by relaclotjfships primarily involving student aid variables 
which have good statistical properties, are consistent in different 
fields, seem to be logical and rational, and are generally more satis- \ 
factory than alternative explanations using different sets of variables. ^ 
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T«t>l« Cl - RELATIVE NUMBERS OF BACHELOR DEGREES, GRADUATE 
ENROLLMENTS AND PHD DEGREES, 1956-70 







First Year Graduate 










Enrollments 


Relative 




PhO*s Awarded 


) 


BA's Relative 


tc ^*.'s Awarded in 


Total Grad 


Relative to 


Year 


to Population 


the 


Previou:; 


Year 


.Enrollments 


Average Grad 


20-24 Years Old 








Relatiye to 


Enrollments 






Full- 






BA's In the 


for the 




\ . 




Part- 


Total 


Previous Yceu: 


Last 3 Years 




\ 


time 


time 




1956 


0.029 ^ 


0.192 


0.285 


0.477 


0.780 


0.040 


1957 


a032 


0.186 


0.293 


O.V?9 


0.806 


0.038 


1958 


a 034 


0.179 


0.295 


0.474 


0.784 


0.036 


195S 


0.035 


0.174 


0.300 


0.474 


0.790 


0.034 


1960 f 


0.036 


0.172 


0. 309 • 


0.481 


0.796 


0.034 


1961 


a035 • 


0.175 


0.325 


0.499 


0.796 


0.034 


1962 - 


0.035 


0.181 


0.361 


0.541 


0.844 


0.036 


1963 


0.036 


0.191 


0.381 


0.572 


0.889 


0.037 


. 1964 


0.038 


0.201 / 


.0^400 


0.601 .. 


o.9i:? * - 


0.038 


1965 


0.039 


0.'227 ' 


0.406 


0.633 


0.951 


0.039 


1966 


0.040- 


0.245 


0.421 


0.C66 


0.993 . 


0.038 


1967 


0.039 


0.268 


. 0.400 


0.667 


0.999 


0.039 


196S 


0.043 


0.279 


0.441 


0.720 


.1.092 


0.040 


1969 


0.047 


0.260 


0.423 


0.683 


1.048 


0.040 


1970 


0. 049 


0.245 


0.397 


0.642 


0.983 


0.042 


Average 


0.038 


0.212 


0.362 


0.574 


' 0.398 , 


0.038 


Scd. Dev. 


0.005 


0.038 


0.056 


0.090 


1 0.107 " 1 


0.003 



Sources: Current Population Reports , U. S. Bureau of the Census « Population Estimates, series 
P-25, nos. 311 (1965), 314 (1965), 385 (1968), 441 (1970/^ 

r / ■ • " 

Doctorate Records Tile, maintained-b7-the''National Acajdenjy of Sciences/National 
Research Council, v;ashington, D. C. , June, 19721 Frortl 1936 through 1957, DRF 
data were recorded on a calendar year basis. Since I9I58, a fiscal year basis 
has been used. The 1957 figure for Ph.D. *s awarded was obtained by interpolation 
between 1956 and 1958 to avoid the effects on the titoe series of changing from a 
calendar basis to fiscal year basis. 

Graduate Stu^'.'nt Enrollment and Support in American Universities and Colleges , 
National Science Foundation, Washington, D. C. , 1954. 

Students Enrolled for Advanced Degrees , National Center for Educational Statistics, 
Office of Education, U. S. Department of Health, Education and Welfare, amnual 
editions, 1959-70. 



Tabl^ C2 - RELATIVE GRADUATE ENROLUIENT S AND PHD PRODUCTIOH IN THE 
BIOSCIENCES And physical scien ces and engineering. 1956-70 



4S 



BIOSCIENCES 



Tear 



First Year Graduate En- 
rollinenta in Bioscience 
Relative to All Fields 



Full- 
time 



Part- 
time 



Total 



Total Grad 
Enrollments 
in Bioscience 
Relative to 
Total All 
Fields 



1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

A\ ige 

Std. Dev. 



0.051 

a 054 

0.057 

0-060 

0.062. 

0.063 

0.064 

0.063 

0.066 

0.065 

0.064 

0.063 

0.058 

0.054 

0.053 

0.060 

0.005 



0.v')14 

aci5 

0.017 . 

0.018 

0,019 

ao2i 

0.021 
0.019 
0.021 
0.022 
0.023 
0.022 
0.020 
0.019 
0.020 

0.019 

0.003 



a-029 

0.031 
0.032 
aQ33 
a034 
a036 
0.035 
0.034 
0.036 
0.037 
0.038 
0.038 
0.035 
a033 
C1033 

a034 



aoo3 



0.043 

0.042 

0.Q43 

0.042 

0.043 

0.047 

0.048 

0.048 

0.050 

0.050 

0.051 

0.051- 

0.049 

0.047 

0.046 

0.047 

0.003 



PHYSICAL SCIENCES AND ENGINEERING 



Ph.D. 's 
Awarded in 
Bioscience 
Relative to 
All 
Fields 



F'irst Year Graduate En- I Total Grad 
llments in Phys. Sci. 6| Enrollments 
Sng. Relative to All Fids » in Phys. Sci 



0.115 
0.122 
0.130 
C.118 
0.121 
0.113 
0.113 
0.111 
0.110 
0.112 
O.IU 
0.108 
0.114 
0.112 
0.108 

0.115 

0.006 



Full- 
time 



Part- 
time 



Total 



Eng. Rela- 
tive to Total 
All Fields 



0.162 


a 153 


ai57 


0.172 


0. 148 


ai57 


0. 180 


0. 143 


a 157 


0.168 


0.1'39 


ai57 


0.196 


0.13a 


ai57 


0. 209 


0.138'^^ 


ai63 


0. 203 


ai3i.\ 


a 155 


0. 204 


ai30 . 


ai55 


0,197 


ai34 . \ 


ai55 


0.160 


a 127 \J 


a 146 


0.166 


0.121 


ai37 


0.156 


0.115 


ai32 


0. 146 


0.102 


a 119 


0.138 


0.096 


a 112 


0.130 


0.094 


ai08 


0.175 


a 127 


ai45 


0,025 


aoi8 


a 018 



Ph,D, 
Award 

ih Ph 
Sci. 
Relat 
All B 



ai76 
dl75 
0.181 
0.183 
0.187 
0.198 
0. 195 
a 194 
0.193 
0.185| 
0.176| 
0. 167', 
0.159 
' 0. 149 
0.139 

0.177 

0.017 



0.25S 
0.25S 
0.26C 

a 27] 

0.27: 
0.28: 
0.281 
0.29' 
0.29 
0.3O 
0.29 
0.30 
0.28 
0.27 
0.26 

0.28 

0.01 



"rs^r' ri;c^958/rflscal year bLis been used. The 1957 figure for Ph.D.'s awarded w 
obtained interpolation between 1956 and 1958 to avoid the effects on the ^ series of ch 
ing from a calendar basis to fiscal year basis. 

Graduate Student E.-olln.er.t and Support in Ameri can Universities and Colleges,' National^ Scier 
''•Foundation^ Washington, D. C, 1954. ■ j. . 

students Enrolled fnr Advanced Degrees , National Center for """^^^"'^.^^^'^^''^ifsg.^f °' 
E ducation, U. S. Depar tment of Health, Education and Welfare, annual editions, a.9S3 /u- 
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Table C3 - FEDERAL FUNDS FOR TRAIHTsG GRANTS, FELLOWSHIPS, 



AND OTHER STUDENT AID PROGRAMS, 19A9-70 





Federal Funds for Trainecships 
& Fellowships by Field 


^ NIH Tralr.,iJig 
& Fellows ;iip 
Funds Relative 
to Total Fed- 
eral Student Aid 
to Graduate 
Education 


oLUuenL nxu 


Year 


Bioscience 
Relative to 
Total 


Physical Science 
and Engineering 
Relative to 
Total 


Total 
All Fields 
(million $) 


•■- 
19A9 








0.043 


115.0 


1950 








0.072 


108.5 


1951 








0.109 


75.4 


1952 








t\ 1 QO 


MO . / 


1953 








0.276 


37.0 


195A 








0.319 


40.4 


1955 








0.269 


50.5 


1956 


0.870 


/o.l30 • 


18.0 


0.283 


61.2 


1957 


0.906 


0.094 


40.0 


0.392 


85.5 


3.958 


■ 0.879 


0.121 


51.4 


0.421 


93.5 


1959 


0.834 


0.166 


84.4 


0.506 


119.2 


1960 


0.60A 


0.334 


159.5 


0.491 


182.8 


1961 


0.656 


0.246 


227.2 


0.546 


241.8 


1962 


0.618 


0.267 


258.8 


0.553 


267.1 


1963 


0.61A 


0.280 


327.9 


0.589 


332.4 


1964 


0.590 


0.283 


389.3 


0.557 


391.8 


1965 


0.524 


0.267 


471.4^ 


0.483 


470.4 


1966 


0.515 


0.220 


577.2 


0.459 


577.2 


1967 


0.497 


0.185 


631.9 


0.441 


653.5 


1968 


0.494 


0.185 


573.6 


0.502 


607.1 


,1969 


0.512 


0.209 


569.3 


0.516 


612.5 


1970 


0.363 


0.198 


502.5 


0.558 


569.0 


1956-70 












Average 


0.632 


0.212 


325.5 


0.486 


351.0 


Standard 


0.167 


0.089 


221.3 


. 0.079 


217 


Deviation 








1 



Sources: Merriam, Ida C. and Skonik, Alfred M., Social Welfare Expenditures under . 

Public Programs in the U. S,, 1929-66 , U. S. Department of Health, Education 
tnd Welfare, Social Security Administration, Office of Research and Statistics 
Research Report No/ 25, Washington, D. C, 1968. 

NIH Almanac , Nat;tonal Institutes of Health, U. S. Department of Health, Edu- 
cation and Welfare, Eethesda, Maryland, 1972. 

*Source of data for 1965-70 weie unpublished data provided by Alfred Skolnik, SSA, 
BEW. Certain items mainly pertaining to loan programs of the Bureau of Health 
Manpower Education, NIH, were excluded from Mr. Skolnik's data to obtain the figures 
shown here and to make them consistent with prior years. 

/ 
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Table C4 - FEDERAL OBLIGATIONS FOR CONDUCT OF RESEARCH BY FIELD, 1956-70 



Year 


Life Sciences 
Relative to 
Total 


Physical Sciences 
Relative to 
Total 


Lire & Physical 
Sciences 
Relative to 
Total 


Totsfl 
All Fields 

(million $) 




1956 


0.2AA 


0.289 


0.533 


852 




1957 


0.316 


0.284 


0.600 


925 




1958 


0.317 


0.310 


0.627 . 


1079 




1959 


0.297 


0.331 


0.628 


1403 




1960 


0.263 


0.313 


0.577 


1941 




1961 


' ' 0.2A0 


0.328 


0.568 


2620 




1962 


0.2A8 


0.314 


0.562 


3273 




1963 


0.228 


0.331 


0.560 


4041 




1964 . 


0.234 


0.359 


0.593 


4464 




1965 


0.240 


0.351 


0.592 


4854 




1966 


0.247 


0.347 


0.594 


5271 




1967 


0.275 


0.331- 


0.606 


5273 




1968 


0.287 


0.334 


0.621 


5365 




1969 


0.293 


0.317 


0.610 


5447 




1970 


0.280 


0.325 


0.605 


6112 




Average ' 


0.267 


0.324 


0.592 


3528 




Standard 


0.030 . 


/ 

0.021 


0.027 


1901 




Deviation 











Source: Federal Funds for Research, De\ r lopment and. Other Scientific Activities , 
National JScience Foundation, Washington, D. C, Vol. XVIII. 
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Table C5 



/ 

/ 

- RELATIVE MEDIAN SALARIES OF BIOSCIENTISTS, 1956-70 



Year 


All Biosciences 

Relative Co 
Total All Fields 


Bioscience 

rnLJ 5 
Relative to 


Bioscience 

MA 1 o 

MA s 
Relative to 


Bioscience 

UA * o 

Cln S 

Relative to 


Bioscience 

rnD* s 
Relative to 




All PhD's 


All MA's 


Bioscience BA's 


Bioscience BA's 


1951* 




0.97 






1.35 


1952* 




0.95 






A. 33 


1953* 




0.96 






1.31 


195A* 




0.97 






1.29 






n Q"7 






1.28 


1956* 


0.91 


0.93 


0.82 


0.9A 


1.29 


1957* 


0.88 


0.90 


0.81 


0,96 


1.28 


1958 


0.87 


0.86 


0.77 


0.98 


1.28 


195?* 


0.88 


0.88 


0.78 


1,00 


1.28 


1960 


0.89 


0.90 


0.78 


1.00 


1.28 


1961* 


0.95 


0.90 


0.78 


1.00 


1.36 


1962 


1.00 


0.91 


0.78 


1.00 


1.A3 


1963* 


0.99 


0.92 


0,79 


1,01 


1.A3 


i96A 


0.97 


' 0.93 


0.80 


l.OA 


\ 1.A5 


1965* 


0.99 


0.9A 


0.82 


1,01 


l.AO 


1966 


1.00 


0.95 


0.8A 


1.00 


1.39 


1967* 


0.99 


0.95 


0.83 


1.02 


l.AA 


1968 


0.98 


0.95 


0.83 


l.OA 


1.A8 


1969* 


0.99 


0.96 


0.83 


l.OA 


1.A8 


1970 


1.00 


0,97 


0.8A 


1.05 


1.A8 


1956-70 












Average 


0.95 


0.92 


0.81 


1,01 


1.38 


Standard 
Deviation 


0.05 


,0.03 


O.OA 


0.03 


0.08 



• Source: Anierican Science Matinovc r, National Science Foundation, Washington, D. C. , 
biennial editions, \955-70. 



*Data obtained by interpolation. 
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Table C6 - MEDIAN ANNUAL SALARIES OF SCIENTIFIC AND TECHNICAL PERSONNEL 

($ THOUSANDS) 



Tear 



BIOLOGICAL SCIENCE 



TbtaJ PhD MA BA 



CHEMISTRY 



ALL FIELDS 



Total PhD MA BA 



Total PhD MA BA 



1951*' 

1956^ 

1957.'' 

1958. 

1959^ 

I960. 

1961 

1962, 

1963^ 

1964 

1965^ 

.1966. 

1967 ' 

1968 

1969^ 

1970 

1956-70 

Average 

Standard 
Dev. 



5.4 
6.4 
6.6 
6-9 
7.4 
,8.0 
9.0 
10.0 
10*. 4 
10.7 
11.4 
12.0 
12.5 
13.0 
14.0 
15.0 



6.2 
7.1 
7.3 
7.4 
8.2 
9.0 
- 9.5 
10.0 
10.6 
11.2 
11.8 
12.5 
13.4 
14.2 
15.1 
16.0 



4.8 
5.2 
5.5 
5.7 
6.4 
7.0 
7.0 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
10.6 
11.3 



4.6 
5.5 
5.7 
5.8 
6.4 
7.0 
7.0 
7.0 
7.4 
7.7 
8.4 
9.0 
9.3 
9.6 
10.2 
10.8 



10.2 10.9 7.0 7.8 



2.8 2.9 1.9 1-7 



7.1 
7.9 
8.7 
9.4 
*10.0 
10.0 
10.0 
10.5 
11. 0 
11.5 
12.0 
12.8 
13.5 
14.4 
15.3 



10.9 



2.3 



7.8 
8.7 
9.7 
10.4 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.8 
15.6 
16.5 
17.4 



6.4 
7.2 
8.1 
8.6 
9.0 
9.5 
10.6 
10.3 
10.6 
11.1 
11.6 
12.3 
13.0 
14.0 
15.0 



7.1 
7.6 
8.0>, 
8.5 
9.0 
9.0 
9.0 
9.4 
9.9 
10.2 
10.5 
11.2 
12.0 
12.9 
13.8 



12.6 10.4 9.9 
2.8 2.5 1.9 



7.0 
7.5 
7.9 
8.4 
9.0, 
9.5 
10.0 
10.5 
11.0 
11.5 
12.0 
12.6 
13.2 
14.1 
15.0 



6.6 
7.6 
8.1 
8.6 
9.3 
10.0 
10.5 
11.0 
11.5 
12.0 
12.6 
13.2 
14.1 
15.0 
15.8 
16.5 



6.3 
6.8 
7.4 
8.2 
9.0 
9.0 
9.0 
9.5 
10.0 
10.4 
10.7 
11.4 
12.0 
12.8 
13.5 



6.8 
7.2 
7.7 
8.4 
9.0 
9.0 
9.0 
9.5 
10.0 
10.5 
11 0 
11.5 
12.0 
13.0 
13 J 



10.6 11.7 S.8 0.9 
2.5 2.8 " 2.0 2.1 



Source: American Science Ma npo wer , National Science foundation, Washington, D. C, 
.. . /> biennial editions, 1955-70. 

. Science and Public Policy: Manpower for Research (The Steelman Report), 
The President's Scientific Research Board,. vol. 4, 1947, p. 39. 

^Values obtained by interpolation from the data given in the second source above. 

b - . 

Data obtained by interpolation. 
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Table 07 - MISCELLANEOUS EXPLANATORY VARIABLES 



Year 


VA Funds 
for Higher 
Education 
Benefits 

(million $) 


Real 
(billion $) 


rroDaoxllty _ 
of Being 
Drafted 
(# inductions/ 
# classified 
registrants) 
- 


V 

Medical 
School 


AoLlO OL 

Annual 
Incomes • 
*T ol no re i rs • 
OL uoi.i.ege 
Relative to 
M 1 L 9 . - n. d . 


Appli- 
cants 


En- 
roll- 
ments 


1950 


993 






24434 


7042 


: " 

1.61 


1951 


661 






22279 


7177 


1.60 


1952 


366 


300. 25 




19920 


7436 


1.58 


1953 


249 


.315. 23 




16763 


7425 


1.57 




252 


319.13 




14678 


7449 


1.55 


1955 


344 


342.14 




14538 


7576 


1.54^ 


1956 


432 


356.88 


0.0082 


14937 


7686 


-1.52^ 


1957 


455 


361.92 


0.0101 . 


15917 


8014 


1.58 


1958 


422 


367.09 


0.0067 


15791 . 


8030 


1.64 


• .1959 


348 


386.37 


0.0056 


15170 


8128 


1.65^ 


1960 


233 


395.03 


0.0043 


14952 


8173 


1.65* 


19fi 


146 


406.70 • 


0.0023 


14397 


8298 


1.65 


IVoZ 


Q 1 


425. 28 


0.0066 


14381 


8483 - 


1.57* 


1963 


45 


440.35 


r>.0029 • 


15847 


8642 


1.50 


1964 


25 


469.11 


0.0054 


17668 


8772 


1.53 


1965 


8 


/ 500.74 


0.0034 


19163 


8856 


1.55* 


1966 • 


0 


526.65 


0.0?,06 


18703 


8759 


1-57 


1967 


216 


^46.30 


0.0087 


18250 


8964 


1.56 


, 1968 


334 


567.37 


0.0095 


18724 


s9479 


1.59 


1969 


432 • 


575.23 


0.0069 


21117 


-9^13 


1.59* 


X970 


665 


588.82 


■ 0.0051 


24465 


10401 


1.57 


1956-70 








« 






Average 


256 


460*9i 


0.0064 


17299 


8703* 


1.58 


Std. Dev. 


204 


83.66 


0.0026 


2845 


743 


0.05 



Sources: Current Population Report s, U. S. Department of Commerce, series P-60, 
no. 74. 

Medical Education: The Institutions, Cliaract erlst lcs and Pro<^fams . Assj 
elation of American Medical Colleges, Washington, D. C.,. January, 1973. 

Miller, Herman P., *'Annual and Lifetime Incotfie In Relation to Education: 
1930-1959," T he American Economic Review , vol. 50, 'pp. 9^2-985. 

National Income and Product Accounts of the United States, 1929-1965 , 
U. S. Department of Commerce, Washington, D. C, 1966. 

Statistical Abstract of the United States, 1972 , U. S. Department of 
Commerce, Washington, D . C. , 972. 

Survey of Current Business , U. S. Department of Commerce, February and 
July, 1972. 



Data obtained by Interpolation. 
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MATHCMATtCS 

000 — Algebra 

010 — Analysis & Funcf tonal Analysis 

020 — Ccometiy 

030 — Logic 

040 — Number Theory 

050 — Probability, Math. Statistics 

(see also 344, 670. 723, 727. 920) 
060 ■ — Topolopy 

080 — Computing Theory & Praciice 
082 — Operations Research (see also 478) 
085 — Applied Mathematics 

098 — Mulhematics. GenernI 

099 — Mat hems tics. Other* 

ASTRONOMY 

101 —Astronomy 
*C2 — Astroph>-sscs 

miYsics 

110 — Atomic & Molecular Physics 
120 — Electro magnet ism 
130 — Mechanics 
132 — Acoustics 

134 — Fluids • 

135 — Plasma Physics 

136 — Optics 

138 — Thermal Physics 
140 — . Elementary Panicles 
150 — Nuclear Structure 
160 — Solid State 

198 — Physics, General 

199 — Physics, Other* 

CHEMISTRY 

200 — Analytical 
210 —^Inorganic 
220 — Organic 
230 — Nuclear 
240— Physical 
230 — Theoretical 

260 — Agricultural & Food 
270 — Pharmaceutical 
275 — Polymer Chemistry 

298 — Chemlvtry, General 

299 — Chemii:ry, Other* 

EARTH SCIENCES 
301 — Mineralogy. Petrology C. 
303 — Geochemistry 
310 — Stratigraphy. Sedimentation 
320 — Paleontology 
330 Structural Geology 
340 — Ceophvsics (Solid Earth & 

Atmojtpheric) 
330 — Geomorph., Glacial Geology 
360 — Hydrology 
370 — Oceanography 
380 — Meteorology 
391— Applied Geol.. Geol. Engr.. 

Econ. Geol. 
393 — Fuel Tech.. Petrol. Engr. (see also -179) 

398 — Earth Sciences. General 

399 — Earth Sciences, Other* 

ENGINEERING 

400 — Aeronautical & Astronautical 
410 — Agricultural 

415 — Biomedical Engineering 

420 — Civil 

430 — Chemical 

435 — Ceramic 

440— Electrical 

445 — Electronics 

430 — Industrial 

455 — Nucle.'tr Engineering 

460 — Engineering .Mechanics 

465 — Engineering Phyvict ^ 

470 — Mechanical 

475_Metunurcv& Ph)'S. .Met. EnKr. 
478 — Operations Research (see alNOt)B2 ) 



A?PENDIX D 



SPECIAtTIES UST 
DocCoraCe Records File 

479 i-. Fuel Tech., Petrol. Engr. (see also 393) 
480 -i- Sanitary 
486 Mining 

497 4- Materials Science Engr. 
498 -^Engineering. General 

499 -| Engineering, Other* 

ENVIRONMENTAL SCIENCES 
369 ^Environmental Sciences* 

AGRICULTURAL SCIENCES 

500 — Agronomy 

501 - Agricultural Economics 
502'''^^nimal Husbandry 

503 — rood Science & Technology 

504 — Fish & Wildlife 

505 — Forestry 

506 — Hbrticulturc 

507 — Sciils it Soil Science 
510 — Animal Sciences 
511 — Phytopathology 

518 — Agyiculture. General 

519 — Agriculture, Other* 

MEOICAL SCIENCES 

- Medicine St Surgery 
-Pubtfg Health 
-Vetei[inary Medicine. _ 

- Hospital Administration' 

- Parasttology 

- Pathology 
-Pharmacology 

- Pharniacy 

-Medicil Sciences, General-^^ 
-Medic:i| Sciences. Other* 

BIOLOGICAL SCIENCES 

-Biochcrnistry 

- Biophysics 

- Biometrip. Biostatislics 
(see also\050. 670, 725. 727. 920) 

- Anatomy* 
-Cytology\ 

-Embryolocy * 

- Immunol(»y 
-Botany \ 
-Ecology 1 

- Hydrobiomgy 

- Mtcrobjolocy & Bacteriology 

- PhysioIogylAnimal 

- Physiology,\Plant 

- Zoology \ 

- Genetics \ 

- Entomology! 

- Molecular Biology 
-Biological Sciences. General 

- Biological Sciences, Other* 

PSYCHOLOGY 

600 — Clinical 1 

610 - Counseling & Guidance 

620 — Developmentdl St Gerontological 

630 — Hvi'uwuuOnal I 

633 — School Psychology 

641 — Experimental 1 

642 — Comparative \ 

643 — Physiological i - 
650 — Industrial St Personnel 
SbO — Personality \ 

670 — Psychometrics | 

(see also 050. ^4, 725, 727. 920) 
680 — So<iat 

698 — Psvcholopy. Gcjicnl 

699 — Ps/chology. Other* 



521) 

57.2- 

523- 

524. 

527. 

534. 

536. 

537. 

538. 

339. 



340- 
542- 
544- 

545- 
546- 
547. 
548- 
550- 
560- 
562- 
564. 
566. 
567- 
569. 
570. 
,571. 
572. 
578. 
579. 



SOCIAL SC ENCES 

700 — Anthropology J ,J 
708 — Communications* 
710 --Sociology . ! 
110 — Fconomics ( %cc also 50 1 ) 
725 — Bconometrics , 

(sec also 050, 544. 670. 727. 920) 



727 — Statistics 

(see alu> 050, 544, 670, 725, 920) 

740 — Geography 

745 — Area Studies* 

750 — Political Science. Public Admin. 

755 — International Relations 
' 770 — Urban St Reg. Planning 

798 — Social Sciences, General 
, 799 — Social Sciences, Oihec* 

ARTS 4 HUMANITIES 

801 — Art. Applied 

802 — Art, History St Criticism 
804 — History. American 

BUS — ^History, European 

g05 — History. Other* 

807 — History St Philosophy of Science 

^30 — Music 

831 — Speech as a Dramatic Art 

(see also 685) 

832 — Archeology 

833— -Religion (see also 881) , 
834 — PhiloMphy 

833 — Linguistics 

878 — Arts & Humanities, General 

879 — Arts St Humanities, Other* 

LANGUAGES & LITERATURE 
811 — American 
812— English 

821 — German 

822 — Ru^tian 

823 — French' 

824 — Spanish St Portuguese 
826 — Italian 

827— Classical* 

829 — Other Languages* 

EOUCATION 

900 — Founduttonrt: Social. Philosoph. 
910 — Educational Psychology 

908 — Elementary Educ. General 

909 — Secondary Educ. Central 

918 — Higher Education 

919 — Adult Educ extension Educ. 

920 — Educ. Mea . x Stat. 

929 — Curriculur St Instruction 

930 — Educ. Aduiin. St Su^erv. 

940 — Guid.. Couns.. St Student Pers. 
950 — S|>edal Education (Speech, 
Gifted, Handicapped, etc.) 
960 — Audio-Visual Media 

TEACHING FIELDS 
970 — Agriculture 
972— An , 
974 — Business f 
976 — English 

978 — Foreign Langj;^ges ' 
960 — Home Econor^iics 
962 — lndustri:il Arts 
984 — Mathematics 
()86 — Mu^ic 

988 — Phys. Ed.. Health. & Recreation 

990 — Science Educ. 

992 — Social Science Educ. 

994 — Vocational Educ. 

996 — Other Teaching Fields* 

998 — Education. General 

999 — Education, Other* 

OTHER PROFESSIONAL HELDS 

8g| —Theology {$ce alM5 833) 

662 — Business Administration 

663 — Home Economics 

884 — loumaiism 

885 Speech St Hearing Sciences 

886 — Law. Jurisprudence 

887 — Social Work 

891 — Library & Archival Science ' 
897 — Professional Field. Olher* 

899 — OTHER FIELDS* 



» idtnUif dw ipcctAc fiftd la the ip«<« provided oe tht qucMtoBMirc. 
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some aaaitlonai tests ot the bioscience and physical science. equations 
were run. Hypotheses were sat up to see if the bioscience explanatory 
variables used in the* model could provide as good d fit to the physical 
science and engineering dependent variables, and conversely , if the 
explanatory variables in physical science and engineering provide an 
equally good fit to the bioscience dependent variables. If this inter- 
change of explanatoryyvariables were toj provide satisfactory relation- 
ships in both cases, then one would suspect that the explanatory variables 
in the model do not really represent the causal factors for the effects 
they are attempting to explain, since they work equally well for a 
different set of effects.. However, as the results show, when the 
variables are interchanged, their explanatory power deteriorates signi- 
ficantly. Under hypothesis I (that the bioscience explanatory variables 
could explain the behavior of the- physical science enrollments and 
degrees), the average r2 for the physicajl science equations drops from 
0.96 in the model to 0.55, with seven non-significant variables and 
seven illogical signs. Under hypothesis! II (that the physical science 
explanatory variables could explain the bioscience enrollments and 
degrees) the average for the bioscience equations drops from 0.87 
in th^ model to 0.73, with twelve non-significant variables and six 
with illogical signs. 

In summary, it would appear that the methodology used to generate 
the equations in the model gives results which are at least as defensible 
as any of the alternatives examined here. This certainly does not mean 
that no better expl-anations for the behavior of the dependent variables 
can be found, jlhere are always problems with the accuracy and ^con- 
sistency of thej data; certainly so e of the variables were estimated 
very crudely. [Perhaps important v£ "iables were not included in the 
analysis, or the variables should have been structured differently. 
The fact that the analysis deals with time series data leads to problems 
of autocorrelation, for which nc correction was made, and the handling 
of the lagged variables could certainly be improved upon. Verification 
of the results should be attempted with cross-sectional data. If the 
Ecdel were to be developed further, these problems would have to be 
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